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UNIDISK- 1 SIMPLE UNIT MAKES 


8 SENSITIVITY TESTS AT ONE TIME 


fast For easiest, fastest, uncomplicated microbial sensitivity testin 
... one Unidisk in just one operation determines the relative senst- 
sim ple tivity of microorganisms to 8 different therapeutic agents. 


No equipment needed for a Unidisk test . . . simply place on 


accurate the prepared plate . . . an easy, non-mechanical procedure. 


selective Unidisks are highly selective . . . 7 combinations of 8 agents, 
selected from 23 commonly used in clinical laboratories, in high, 

sterile medium and low concentrations . . . clearly identified by name 
and coded by distinctive color. 

practical Entire center available for additional sensitivity and other tests. 

inexpensive Packaged aseptically in individually sealed envelopes to protect 
against contamination and moisture absorption. 


Descriptive literature available on request 


DIFCO Lasoratory pRopucts 86 


BIOLOGICS CULTURE MEDIA REAGENTS MICHIGAN 


MICHIGAN 
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ENV? 


INDIVIDUAL 
my % 
aiugall 
a prothrombin time control: 


can be..., should be..., and why. 


Your normal prothrombin time control can 
be fresh human plasma from five normal 
individuals ... pooled to minimize the vari- 
ables that may be present in single controls 
due to drugs, stress or other causes. 


It can be duplicate determinations on the 
plasmas of five normal individuals with the 
results averaged. 


Anything less can provide a distorted base- 
line to the clinician in planning his therapy. 


Your control should be DIAGNOSTIC 
PLASMA WARNER-CHILCOTT. 


For DIAGNOSTIC PLASMA is prepared by 
pooling hundreds of normal plasmas; then 
individual clotting factors are titrated to 
give you a truly normal control. 


DIAGNOSTIC PLASMA, as your control in 
prothrombin time determinations, decreases 
the biological variables of a single control. 


DIAGNOSTIC PLASMA will give you results 
consistently identical with those of pooled 
human plasma, assuring your patient of 
accurately controlled anticoagulant dosage. 


New, 
from Our 


Coagulation And why ...the importance of your using a 
truly normal control, and other problems 

Research that may occur when performing prothrom- 

bin times, are covered in the teaching film 

Laborator y strip “Determining Prothrombin Activity’’.* 


DIAGNOSTIC PLASMA is available from 
sp leading laboratory supply distributors in 
WARNER boxes of ten 0.5 ml. vials 
CHILCOTT yxes O en V.o Mi. Vials. 


Thromboplastin Generation Test Reagents 


. a WARNER- 
Diagnostic Plasma fi0cs= 


For TGTR information write: 


GENERAL DIAGNOSTICS owen WARNER CHILCO 





Aloe Scientific now offers 
as a complete package the latest 
N t EF. * equipment and reagents necessary 
ewes guipment for fluorescent microscopy. 
These basic assemblies permit 


for the most versatile application 


possible. 


With the new procedure, 
U 0 r p 4 ( e n specific antibodies formed in the 
tissues can be tagged or labeled 


with fluorescent dye so they will 


e glow under ultraviolet 
( (| 0 S ( 0 light. This technic has aided in 
much faster identification of 


pathogenic and nonpathogenic 
The rapid, microscopic technic microorganisms, and greatly 
for identifying microorganisms speeded up diagnosis of a 
and antigens in tissue. wide range of diseases. 


Modifications of the AO 
Phasestar microscope make it 
ideal for fluorescent study, in 
addition to phase, bright field 
and photomicrography. If 
desired, your present microscopic 
equipment may be converted 
for fluorescence by interchanging 
and adapting objectives and 
accessories suggested. 

To determine the exact equipment 
you need, write today for descriptive 
bulletin FM-459 and complete 


bibliography or fluore scent microscopy. 


Microscope with illuminator 


Illuminator and power supply 


scientific. owision oF « s. aoe company 


General Offices 
5655 Kingsbury * St. Lovis 12, Mo. 
OUR 100TH YEAR FULLY STOCKED DIVISIONS COAST-TO-COAST 
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HIGHLY SPECIALIZED PRODUCTION DEVELOPED BY THE 
HARLECO LABORATORIES FOR THE FIELD OF BIOLOGICAL STAINING. 


AZURE A—"BLEND” 


An azure dye of controlled manufacture which formed the basis for the first 
American-made Giemsa Stain suited to malarial demonstration in the thick 
film technic. 


GIEMSA STAIN —"ORIGINAL HARLECO AZURE BLEND TYPE" 


A blood stain, suited not only to the thick film technic for the malaria organ- 
ism—but also ideal in the general examination of blood. 


CARMINIC ACID—"PURE CARMIN" 
This water-soluble product is entirely free of extraneous influence such as 
the high alum content of the usual alum lake. 


CARMINIC ACID SALTS—Ammonium, Lithium, Sodium 


These preparations are produced from pure carminic acid. 


HEMATEIN 


An especially controlled oxidation product of pure hematoxylin. The ammo- 
nium salt is also available. Both products serve to provide tissue staining in a 
controlled pre-ripened form of compound. 


HEMATOXYLIN 
A recrystallized stain derived through a special Harleco process from care- 
fully selected, unoxidized logwood chips. 


WRIGHT BLOOD STAIN 


A compounded preparation of carefully controlled processing. Our produc- 
tion method for this fine stain has not been modified in the past fifteen 
years during which time its popularity of use has multiplied many times. 


Hartleco Products are avattatle of your ft refer red seofifily house 


HARLECO : 


HARTMAN-LEDDON COMPANY * PHILADELPHIA 43, PENNSYLVANIA * U.S.A 


Jour. of Lab. & Clin. Med. 





One Manufacturer’s Opinion 


A Welcome Borrowing 


Observing the success of quality control in industry, pro- 
fessional groups are asking why quality control techniques 
should not be applied to other areas. Recent events point up 
demands by leading scientists for this application—especially 
to those areas dealing with the safeguarding of human life. 


Aside from the particular product or service offered by a 
manufacturer, long-term success is, after all, dependent on 
the guarantee of reliability and quality offered the consumer. 
Knowing this, industry has developed rigid quality control 
over production. Extensive testing, taking weeks or months, is 
undertaken before release of a product run. This testing serves 
a dual purpose. First, efficiency in manufacturing is main- 
tained and guarded; secondly, the product or service offered 
is kept at a standard to satisfy the discriminating public. 


In the clinical laboratory, advances made in specific instru- 
mentation, methods, technique, and diagnostic reagents have, 
until recent years, greatly exceeded the overall quality con- 
trol practiced over biochemical determinations. 


It is not surprising that modern advances and antiquated 
control are functioning side by side in laboratory testing. 
Adequate control measures have not been available. 


Now, two major steps have been taken to fill this void. 
First, the application of statistical measures of precision 
and of accuracy, and the routine use of the specific deviation 
yardstick are becoming widespread in revealing laboratory 
efficiency problems. Secondly, the common usage of two im- 
portant standards-in-serum for biochemical testing, Versatol 
(normal) and Versatol-A (abnormal), with known absolute 
values in the normal and abnormal range, meet the demands 
of advanced laboratory analyses. 


Combined with technical skill, these safeguards over labo- 
ratory testing add welcome new chapters to accuracy in 
clinical chemistry. 





Versatol 
Versatol-A 


GENERAL DIAGNOSTICS owrsicon WARNER-CHILCO?T 
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Quality control in 
clinical chemistry 
featured at 

scientific meeting 


Clinical Pathologists, Chemists Eye 
Application of Industrial Advances 
to Laboratory 


New York, N. Y., Nov. 12, 1958. 
Interest in clinical laboratory qual- 
ity control was heightened today 
when, the second time this month, 
this subject was covered at the 
Symposium on Laboratory Instru- 
mentation at the Hotel New Yorker 
Stephen J. Koziol of Warner- 
Chilcott, in a paper on “Recent 
Developments in Increasing the 
Efficiency of Clinical Analyses”, 
stated the approach used by his 
firm: 


“The third...part deals with the 
objective standards and the objec- 
tive controls which may be applied 
by the conscientious laboratory 
worker — to assure that neither hu- 
man fatigue nor instrument fatigue 
are giving rise to clinically invalid 
results. Reference standards 
closely duplicating both normal and 
pathological clinical chemistry 
specimens... have been developed 
to aid quality control within the 
clinical laboratory itself.” 


Two reference standards, Versatol 
and Versatol-A, which closely du- 
plicate both normal and pathologi- 
cal clinical chemistry specimens 
have been developed to aid quality 
control within the laboratory itself. 


Earlier, in this same Symposium, 
pioneers in microchemistry recom- 
mended Versatol and Versatol-A for 
the standardization of the newest 
microchemical methods. 


Quality Control in Clinical Chem- 
istry was a featured presentation 
earlier this month at the American 
Association of Clinical Pathologists 
meeting in Chicago. The use of 
freeze-dried reagents like Versatol 
and Versatol-A was recommended 
for routine daily control. 
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Dependable instrumentation is vital for thyroid functio 


Evaluation of thyroid function with iodine-131* 
requires the dependable instruments which 
make up this newly designed, complete 
Nuclear-Chicago detection and measuring 
system. The DS5-1P Scintillation Detector, with 
its sensitive two-inch crystal and versatile 
collimator inserts, is ideal for regular uptakes, 
three dimensional depth studies, or pin-point 
collimation for scanning. The 132A Analyzer 
Computer is easy to operate, gives automatic 
percentage readout, and its internal 
spectrometer “tunes-in” only the selected and 
desired gamma radiation. A complete system, 
including the mobile stand, is surprisingly 
low in cosi. 

For thirteen years Nuclear-Chicago has been 
the leader in the development of high quality, 
reliable radioactivity instrumentation 
for the medical profession. We would be 


pleased to discuss your needs with you. 


nuclear-chicago *"“Diagnostic Application of Radioactive 


CORPORATION Isotopes” explains in detail the procedure 
for thyroid uptake study as we . 
E. Howard Ave.* Des Plaines, //l. . vs “ well as eight 


other common radioisotope applications. 


Please ask us for your free copy. 
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with radioactive iodine 
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WITH STAND 








132A ANALYZER COMPUTER 








Harshaw Scientific Offers 
Laboratories National Service 
on a Local Basis 


GLASSWARE 


APPARATUS 

EQUIPMENT 
—— FURNITURE 

CHEMICALS 


*-OAKIAND 


LOS ANGELES 
* 


ee 


BRANCHES * 
CLEVELAND 6, OHIO 
1945 East 97th Street 
Tel. VUlcan 3-2424 


CINCINNATI 13, OHIO 
6265 Wiehe Rd 
Tel. REdwood 11-9100 


DETROIT 28, MICHIGAN 
9240 Hubbell Avenue 
Tel. VErmont 6-6300 


HOUSTON 11, TEXAS 
6622 Supply Row 
Tel. WAlnut 3-1627 


LOS ANGELES 22, CALIFORNIA 
3237 So. Garfield Ave. 
Tel. RAymond 3-3161 


OAKLAND 1, CALIFORNIA 
5321 E. 8th Street 
Tel. KEllogg 3-9169 


PHILADELPHIA 48, PA 
Jackson & Swanson Sts 
Tel. HOword 2-4700 


pe 


aw 
warshe- 


SALES OFFICES @ 


DETROIT-x 


HASTINGS-ON-HUDSON) 
PITTSBURGH 
PHILADELPHIA ® 
CINCINNATI * 


ATLANTA ® 


BATON ROUGE.« 
HOUSTON'* 


Our Branch Warehouses and Sales Offices are strategically 
located to serve you. Select the one nearest you and 
contact thern today. Our combined stock, which is 
probably the largest in the country, is at your disposal 
regardless of where it is located. Tell us what you need. 
We'll get it to you, when you need if. 

Division Chemical 


Scientific 


Harshaw ’ The Harshaw 
Company is unique among laboratory supply houses. We know 
what laboratories require since our company employs several 
hundred chemists, scientists, engineers and technicians in its 
many research, development and control laboratories and we 
stock accordingly...Glassware - Apparatus - Equipment - 
Furniture - Chemicals 


HARSHAW SCIENTIFIC 


Division of the Harshaw Chemical Company 
Cleveland 6, Ohio 


oJ 


AMARILLO, TEXAS, 3409 S. Jackson Street, Tel. DRake 4-9948 @ ATLANTA 5, GEORGIA, 3130 Maple Drive, N.E., Tel. 


CEdar 7-1626 @ BATON ROUGE 


6, LOUISIANA, 3160 Florida Street, Doherty Building, Room 103, Tel. Dickens 3-1933 
BUFFALO 2, NEW YORK, 260 Deloware Avenue, Tel. GArfield 9200 o 


HASTINGS-ON-HUDSON 6 NEW YORK, 


Tel. LOrraine 2-6250 @ PITTSBURGH 22, PENNSYLVANIA, 505 Bessemer Building, Tel. ATlontic 1-6668 
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A 
B-B:L 
EXCLUSIVE 


WASHED, 
POOLED CELL 
SUSPENSIONS, 
CAPPEL 


STABILITY 
CONVENIENCE 
ECONOMY 


#12/100 SHEEP CELLS, 
Washed, Pooled Suspension 
#12/200 RABBIT CELLS, 
Washed, Pooled Suspension 
#12/300 CHICKEN CELLS, 
Washed, Pooled Suspension 
#12/400 OX CELLS, 
Washed, Pooled Suspension 


12/500 GUINEA PIG CELLS, 
Washed, Pooled Suspension 


OTHER ANIMAL BLOOD PRODUCTS, CAPPEL 


#10/101 sheep blood, citrated 

#10/103 sheep blood, defibrinated 
#10/203 horse blood, defibrinated 
#10/303 rabbit blood, defibrinated 


THE CLEAR SUPERNATANT, 
TELLS THE STORY! 

Even after two weeks of 
refrigeration, the super- 
natant overlying uncon- 
taminated B-B-L red cell 
suspensions remains 
crystal-clear, indicating 
freedom from hemolysis 
...Wisible evidence of 
thoroughness of washing 
and constant isotonicity. 





Exclusive B-B-L methods insure cell suspensions of unique 
stability, purity, and uniformity 


Eliminates tedious, time-consuming cell collection and washing 


Longer-lasting suspensions avoid waste...stock cell suspensions 
are easily diluted to any of the usual working suspensions 


for complement-fixation and heterophile antibody tests 


for Streptolysin “O” titrations 
for hemagglutination-inhibition test 


for ox cell hemolysis test for Infectious Mononucleosis 


for hemabsorption test 
Available in 15 ml. serum vials—rubber stoppered, aluminum seal 


STERILE ANIMAL BLOOD 


#10/503 bovine blood, defibrinated 

#10/102 sheep blood, Alsevers (equal parts blood and mod- 

#10/402 chicken blood, Alsevers ified Alsevers solution) 
Available in 15 ml. serum vials—rubber stoppered, aluminum seal 


STERILE POOLED SERUM 


#11/610—horse #11/630—sheep #11/650—chicken #11/680—swine 
#11/620—bovine #11/640—rabbit +11/660 —beef (amniotic fluid) #11/685—lamb 
#11/625—calf #11/210—sterile, unfiltered horse serum (prepared especially for tissue culture) 


Available in 100 ml. serum vials —rubber stoppered, aluminum seal 


SEM) BALTIMORE BIOLOGICAL LABORATORY, ING., BALTIMORE 18, MARYLAND, U.S. A 


A Division of Becton, Dickinson and Company 


In Canada, Becton, Dickinson & Co., Canada, Ltd., Toronto 10, Ontario 
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we could put five years 
right here 
in this 


wasted | 


How many microslides do you average a day? Fifty, maybe? 


A Lab-aid stack only 19” square and about five feet high 
would keep five years’ output right at your fingertips. 


That's because Lab-aid design gives you 45% more capacity, 
inch for inch, than conventional filing units. Think of it. . . 

a single unit section only five inches high, compact enough 

to fit handily on a desk top, will hold 6500 slides! 


And that's not all . . . by interchanging different drawer sizes 
1”, 2”, and 4”, you can file Kodachromes, lantern slides, and 
index cards in the same cabinet. Other special-purpose 
cabinets (same basic dimensions so they all stack together) 

let you file fresh slides flat in spread-out trays, or file 

paraffin blocks in shallow drawers. 


The beauty of it all is that you get all these advantages 
at no greater filing cost-per-slide than ordinary cabinets. 


Bulletin No. 141-56 tells the story. Let us send it to you. 


THE TECHNICON COMPANY, CHAUNCEY, N. Y. é eS 


laboratory filing system 





serums by <1ADE- 


MEMORIAL HOSP! 


Bes reer 


RELIABILITY 


in every vial of SIADE- Blood Typing Serum 
proved in over 300 million tests! 


Your guarantee of accuracy: Dade’s own careful testing 
SPECIFICITY at every stage of production . . . and the more than 300 
million tests performed with Dade Blood Typing Serums 
in laboratories throughout the world! 


HIGH TITRE Dade’s timely knowledge gained from a vast clinical ex- 


e perience has established and maintained Dade Serums as 
the first in quality and the most widely used in the world, 
UNIFORMITY 


Ask your S/P Representative about standing orders 
for Dade Serums. Regular automatic deliveries 
mean savings and convenience for you. 


Scientific Products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
GENERAL OFFICES: 1210 LEON PLACE, EVANSTON, ILLINOIS 


Regional Offices: Atlanta « Boston « Chicago « Columbus « Dallas + Kansas 
City » Los Angeles « Minneapolis « New York « San Francisco *« Washington 
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For Rapid Routine Clarification and Sterilization of 
Small Samples of Serum and Other Biological Fluids 





Now! CENTRIFUGAL 
FILTRATION ... using the 


HEMMINGS ro 
FILTER ms 








The filter is used in conjunc- , 
‘— [ — tion with two 2-drachm path- c poe 
iS ological vials (United Glass : 
=z | Blowers M. 218 Est. W.F.), => 
standard in most laboratories a roy" 
L and Ford Sterimat filter pads | t 
a 114,” diameter. The assembly 
‘ 4] is rapidly made up, and easily B sco 
L | cleaned. With a rubber ring 
“\ sealing the receiver bottle, the 


whole can be autoclaved, and 
will remain sterile indefinitely 
if stored upright 


In use, paired acsemblies are 
balanced and centrifuged at 
about 2,500 R.C.F. which is 
given by the usual clinical 


SW OS SLC 
LVW 40 V3UY 


centrifuge. The assembly fits 
a 50 ml. trunnion cup without COMPONENTS 
any modification being neces- OF THE APPARATUS 














sary; the bottles are sturdy so 


ae , A. Hemmings Filter 
that there is little or no risk of 


a B, rubber sealing ring 

THe APPARATUS breakage. C, Ford’s Sterimat 

D,, D,, standard 
2-fi. dr. bottles. 


ASSEMBLED Filtration of 2 ml. of serum un- 
der these cond:tions is com- 
plete in 3-4 minutes, with a 




















¢ SIMPLE TO USE ss of se by alt i 
loss - se —, xy ab — IMMEDIATE DELIVERY 
© SAVES TIME into the pac of not more than ORDER NOW! 
: ; 0.4 ml The useful range of 
¢ SAVES MATERIAL the filter is from 1 to 4 ml., Cat. No. M57305—HEMMINGS 
© RECEIVER CAN with 4-drachm bottles in a FILTERS .... per pair $8.50 
BE USED AS larger centrifuge cup it can be Cat. No. MS57307—FORD 
STORAGE BOTTLE extended to 12 ml. STERIMATS .. per 100 $2.70 














STANDARD SCIENTIFIC Fig 
- 808 BROADWAY REAGENTS 
upepely Corp. NEW YORK 3, N.Y CHEMICALS 
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ANTI-Rh, 


(Anti-D) 
SERUM 











NEW CENTRIFUGE TUBES 


Accu-red markings last the life of the glass 


No. 7740 glass is unaffected by sterilization 


The red markings on these tubes are actually a 
part of the glass itself. There is no etching or 
filling involved 

Fusing the marks directly into the glass re- 
sults in a stronger tube without etch lines. . 
sO you can expect (and get) even sturdier per- 
formance than you are used to with centrifuge 
tubes with etched and filled graduations. 

The tubes themselves are made from specially 
drawn, accurate bore tubing. The tips are pre- 
cision shrunk to give optimum accuracy to 
your readings. Walls are uniform throughout to 
minimize stresses during high-speed spins. 

You can get 15 and 50 ml sizes at no increase 
in price over standard graduated tubes. 


and reagents; you never need worry about 
PyRExX tubes clouding. 

Catalog LG-1 and its Supplement 3 list a 
complete line of Pyrex centrifuge tubes to 
match every type of work you do. If you lack 
a copy of either catalog, just write. 

You can include these tubes with your regular 
PYREX ware order and get multiple-package dis- 


counts ranging from 14.5% to 23.5%. 


CORNING GLASS WORKS 


82 Crystal Street, Corning, New York 


CORNING MEANS RESEARCH IN GLASS 


PYREx* laboratory ware ... the tested tool of modern research 
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Hyland’s continuing search for 

better products for faster, 

no-guesswork technics has in the 

lectin field alone introduced 

LECTIN Anti-A: (1957), Anti-H (1958) 
Purified and now Anti-M and Anti-N. 


ANOTHER DISCOVERY OF HYLAND RESEARCH... ANTI-M LECTIN 


Continuing research in the blood 
diagnostic field at Hyland Laboratories 
has isolated another lectin reagent 
—a plant hemagglutinin which is 
specific for factor M. Prepared from 
the seed of Iberis amara,* this water- 
clear, stable extract produces 
clear-cut agglutination of specimens 
containing factor M. 

Also announcing 

ANTI-N LECTIN 

Hyland now offers the first commercially 
available Anti-N Lectin, a plant 
hemagglutinin prepared from the 
seed of Vicia graminea. This water- 
clear, stable extract produces 

sharp, easy-to-read agglutination of 
specimens containing factor N. 
Both M and N tests are performed 
by the test tube method, using 

2 drops of lectin and 1 drop of 
saline washed cells. After 20 
minutes, mixture is centrifuged 

for one minute. Positive 

reactions are clearly evident by 
macroscopic clumping. 
SUPPLIED: 

Anti-M Lectin (Purified), 2 cc 
dropper vials, $7.50 per vial 

Anti-N Lectin (Purified), 2 cc 
dropper vials, $7.50 per vial 
HYLAND 

LABORATORIES 

4501 Colorado Blvd., 

Los Angeles 39, Calif. 

160 Lockwood Ave., 

Yonkers, N. Y. 
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wwe ULINICAL na 
PHARMACOLOGY 
THERAPEUTICS 


FIRST ISSUE: January 1960 


CLINICAL PHARMACOLOGY AND THERAPEUTICS will publish 
Editor objective and authoritative papers dealing with the evaluation 


WALTER MODELL, M.D. Of the effects of drugs in man. It will present comprehensive 


Editorial Board papers on new drugs and critical re-evaluations of old ones 


It will include editorials, symposia, reviews and a 
W. A. Bain, gts. 
Evwarp A. Carr, JR., correspondence section for informal reports. It will also offer 
Winpsor ( G, - é 
sennage ay nena brief commentaries on new pharmaceuticals as they are 
Artuur C. DeGrarr, ; : i t : 4 , 
James M. Ditte, introduced, with advice and prognostications of authorities, 
Aan K. Done, 
Date G. Frienp, ; : : 
Artuur GroLuman, } experience is available. 
Raymonp W. Houpe, } 
Ernest Jawetz, M.D, 
Davin A. KaRNorsky, 
Kennetu G. Koutstaeprt, aa : - . ee . 
‘ M.D The Actions and Uses of Anthelmintics . .. The Respiratory 
Hervert S. Kurrerman, and Circulatory Effects of Opiates and Narcotic Antagonists 
M.D pa 3 gp ae : ; 
aRthisemeneme *** Phe Pharmacologic Basis of the Choice and Use of Drugs 
M.R.C.P. in Myasthenia Gravis... The Present Status of Anabolic 
Tr. A. Loomis, M.D., Ph.D 
Donatp Matntanp, M.D. 
H. Houston Merritt, M.D. The Mechanism of Action of Diuretics in Hypertension . . 
Eric Nitsson, M.D. Tr , ‘ ear oan d aoe . 
Cant C. Prewren, Ph.D. MD The Newer Drugs in Amebiasis rhe Reliability of Reports 
Leroy D. Vanvam, M.D. on Drug Evaluations in Man... Experimentation with New 
Ww Van WINKLE, JrR., . 2 
ne 2 ps Drugs on Man: A Symposium . . . Pharmacology of Muscle 


Geruarp Werner, M.D. Relaxants in Man 


as unbiased guides to their use before extensive clinical 


Papers to Appear in Early Issues: 


Agents ... The Actions and Uses of Hypoglycemic Agents . . . 


ENROLL NOW WITH THE C. V. MOSBY COMPANY, 3207 Washington Boulevard, St. Louis 3, Missouri 
THIS COUPON.... Dear Sirs: EL Seen a reer Pe 


Enroll me as a Charter Subscriber to CLINICAL PHARMACOLOGY AND 
> THERAPEUTICS. Send the first two issues free. Bill me for $12.50 (Canada & 
Latin America, $13.00; elsewhere, $13.50) for the next six bimonthly issues. 
0 I'm enclosing my check for $ Bill me, 
(Attach your check; receive 3 issues free!) 
0 tam in General Practice 0 | specialize in.. 
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No Slide Rule Needed Here: 


Dirty Glassware + Ordinary Cleaners=? 
You Just Can't Balance This Equation 


Balance Your Cleaning Equation 
with 
Paragon Laboratory Cleaner 


The detergent cleaner developed especially for the modern laboratory. Con- 
tains no soap, leaves no dulling scum. Abundant suds in cold water. Rinse 
water flows off without water spotting. No wiping or toweling necessary. 


PARAGON LABORATORY CLEANER is easy to use; simply soak articles 
in hot or cold water containing 1 ounce of Paragon Laboratory Cleaner to 
the gallon. Dirt, grease, grime, stains and inerustations float away. 


PARAGON LABORATORY CLEANER cleans glassware, porcelain, enamel 
ware, soapstone surfaces, ironware, tile and painted walls, floors, slop sinks, 
toilet bowls, shelves. No boiling of slides to get them clean. No more cor- 
roded, etched or scratched slides. Simply allow the used slides to soak in 
Paragon Laboratory Cleaner solution for a short time. Smears, stains and 
cedar oil float away. Excellent for freeing jammed syringes, stuck stop- 
cocks and ground glass stoppers. 


PARAGON LABORATORY CLEANER is packed only in 3 lb. boxes 
PC300 Box (3 Ibs.) $1.00 
Carton (24 x 3 lb. boxes) 20.40 (85¢ per box) 


Write for catalogs 957A @ 957B fully describing Paragon Staining Solutions 
Chemical Reagents and Solution, and Paragon Tray Drawer Cabinets and accessories. 


Prices F. O. B. New York, New York, subject to change without notice 


PARAGON C. & C. CO. INC. Manufactured exclusively by 
2540 Belmont Avenue 


New York 58, New York PARAGON C. & C. CO. INC. 
Please send free trial sample PC300 2540 Belmont Avenue 

; New York 58, New York 

Name 


Cable Address: Wijeno, New York. 
Address 
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FISHER DISPOSABLE PETRI DISHES 





presterilized -economical 


These disposable Petri dishes ' — —e 
cost you much less than having |CAT. NO. 8-757-10 8-757-15 ®-757-20 | 8-757-25| 8-757-30 | §-757-35 
ymeone scrape out the agar, |TYPE Standard Round | Square | "adial are Bi- Tri- 
someone scrape ou gar, Gr id | Seotion | Seotten 
wash, dry, and resterilize glass + + ] . ; ; 1 4 | Rescue 
dishes. SIZE: MM = 60x20 |100x15 |150x25*| 100x20 | 100x15 100x15 | 100x15 | 100x15 
Fisher has all standard sizes |PRICE PER 

and types with covers, made of 100 
clear polystyrene plastic. They |per case 
are presterilized, packed 20 to | (500) : 
a sealed polyethylene bag. 1- Scases) 28.75 34.25 | 34.25 34.25 42.00 
The big 150 x 25 mm sizecomes | 6- 11 cases 26.25 31.25 31.25 31.25 38.50 
5 to the polyethylene bag, 50 
toacase. All covers have etched 
rectangle for marking. 50- 99 cases 23.50 7 28.00 28.00 28.00 34.25 
On annual contract basis, if 100-249 cases’ 23.25 9.50° 27.75 27.75 27.75 33.75 
you use more than 12 cases a 

year, deliveries will be made to |? er more | 23.00 9.25°| 27.50 27.50, 27.50, 33.25 
suit yourconvenience. Alltypes | *Case of 50, this size only 

can be assorted. = ina “ae —o- 


$ 6.25) $ 6.50 $7.50 $7.50 | $7.50) $9.25 | $ 9.90 


12- 49cases 24.00 28.50 28.50 28.50 35.00 


FISHER 
Your nearest Fisher plant* has details. Ss Cl E N TI F | Cc 


INTHEU.SA. *Chicago *Philadelphia IN CANADA 
Boston Cleveland ‘Pittsburgh Edmonton 
Buffalo Detroit *St. Louis *Montreal 
Charleston, W.Va.*New York *Washington *Toronto 
America's Largest Manufocturer-Distributor of 
laboratory Appliances and Reagent Chemicals 


B-97b 
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PARAGON REAGENTS * DEPENDABLE * TESTED * PARAMOUNT QUALITY 


Nessler Compound Paragon 
(Dry Granules) 


for the simplest method of preparing 
Nessler Solution which will not be af- 
fected by the amount of carbonates 
ordinarily present in sodium hydroxide. 
The granules and the resulting solution 
will remain stable for years. 


$1.90 per bottle (68 grams) sufficient 
for one liter of Nessler Solution, which 
is made by simply dissolving the con- 
tents of bottle in 10% sodium hydrox- 
ide solution. 


Convince yourself by ordering Nessler 
Compound Paragon. 


Alkaline Copper Tartrate 


(Paragon) 


is a concentrated reagent which will 
produce Alkaline Copper Tartrate so- 
lution for determining sugar in blood 
by the method of Folin & Wu. 


The resulting solution is very stable 
and may be used at once. 


The contents of the bottle is merely 
diluted with distilled water to make 1 
liter. 


P851—One Bottle sufficient for 
1 liter 


In lots of 12 or more bot- 
tles, each 


Benedict Compound Paragon 
Qualitative—Quantitative 
(Dry Granules) 


You can now have perfect Benedict 
Solutions (qualitative or quantitative) 
for the determination of sugar in 
urine by simply dissolving the gran- 
ules in water. 

Packed in two convenient sizes. 


QUALITATIVE 
P501—for 1 liter 
P520—for 1 gallon 


QUANTITATIVE 
P611—for 1 liter 
P631—for 1 gallon 
Priced so that each qualitative test 
costs 4 of a cent, when purchased in 
lots of 12 gallons (1 case); slightly 
higher when purchased in smaller 
quantities. 


Phospho-Molybdic Acid Reagent 
(Paragon) 


is a concentrated reagent producing a 
phosphate molybdate acid solution 
used to determine sugar in blood by 
the method of Folin & Wu. This 
solution may also be used for deter- 
mination of sugar in spinal fluid. 


The resulting solution is very stable 
and may be used at once. The con- 
tents of the bottle is merely diluted 
with distilled water to make 1 liter. 


P801—One Bottle sufficient for 
i? eae 


In lots of 12 or more bot- 
tles, each 


All prices F.O.B. New York, New York, subject to change without notice 


®° NO CHANGE IN PROCEDURE ® NO NEW TECHNIQUE ® NO EXTRA STEPS 
® TIME SAVING ® SPACE SAVING ® ECONOMICAL ® STABLE 


Write for catalogs 957A @& 957B fully describing Paragon Staining Solutions, 
Chemical Reagents and Solutions and Paragon Tray Drawer Cabinets and accessories. 


Manufactured exclusively by 


PARAGON C. & C. CO., Inc., 2540 Belmont Ave., New York 58, N. Y. 


Cable address: Wijeno, New York 
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for dependable, precision microtome sectioning 





LEITZ LARGE MINOT ROTARY MICROTOME 


The Large Minot Rotary 
Microtome (#1212) embod- 
ies traditional Leitz quality 
in a heavy design that in- 
sures the utmost rigidity and 
freedom from vibration. 
This microtome is ideally 
suited for rapid, accurate, 
serial sectioning of biolog- 
ical and pathological speci- 
mens and for industrial 
applications such as exami- 
nation of textile fibers. 
E.LeEiTz, 


O:ristri 


Ernst Le: 


LEICA CAMERAS 


Other Leitz Microtomes: 

Freezing Microtome (#1213) 
for sections from 5 to 10 mi- 
crons in 5-micron intervals. 
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INC., 468 FOURTH AVENUE, NEW YORK 


Large Freezing Microtome 
(#1310) for sections from 2.5 
to 50 microns in 2.5-micron 
intervals. 





e precision micrometer mechanism permits selection of 
cutting thickness between 1 and 25 microns 


e rigid knife blocks with rotating knife clamps, heavy ball- 
and-socket device for object clamp and paraffin stage 


e ball-and-socket clamp permits rapid positioning of the 
specimen in any direction 


e inclination of the knife readily adjustable as required 


e adjustable knife block available for producing paraffin 
sections with obliquely positioned knife 


e conveyor belt available for receiving series of sections 
Write today for illustrated brochure L-11, “Leitz Microtomes.” 


16, N.Y. 


butors o f the worid famous products of 
tz G.m.b.H.,.Wetztiar,. Germany—Ernst Leitz Canada ttd 
LENSES MICROSCOPES - BINOCULARS 


Base Sledge Microtome (#1300) for large 
and/or very hard sections from 1 to 20 
microns thick. 


32559 
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In the Laboratory ... where optical quality counts 


...the trend is to UNITRON Microscopes 


he 
T 
S ts 
RR 
ry: . BINOCULAR 
Q PHASE CONTRAST 
Mest BMPE $490 
| Ate 
ES 
if ~. “ s* 






he a BINOCULAR 





oh. _> INVERTED 
Py -BMIC $609 gate 
"eens aS % Polaroid Land Camera 
if Attachment 


$uis 


BINOCULAR 
AUTO-ILLUMINATION 
BMLU $425 


MICROSCOPE 
LAMP 
iS $14.75 





UNITRON offers an extensive line of Laboratory Micro ‘| 
scopes & Accessories for Research, Industry and Education | UN/ ] PR ON 
Iilustrated is a partial selection for biology, medicine, 
chemistry and related fields. UNITRON also has companion | INSTRUMENT DIVISION OF UNITED SCIENTIFIC CO 
instruments for the metalworking industries 204-206 MILK STREET - BOSTON 9, MASSACHUSETTS | 


Noted for optical quality ole haelule te Me) slilael Melile Mul taile ly Please rush UNITRON’s Microscope Catalog 27-W 
ical design unique and convenient operational features Sleme 

long wearing construction attractive budget prices Compeny 
which include basic optics these, together with years of 


Address 
proven instrument performance, are the reasons .why 


THE TREND IS TO UNITRON! 


City__ 
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HEMOGLOBIN 


EXACT AUTHORITATIVE MEASUREMENT WITH A 


COLEMAN ‘£25’ 


PHOTO-HEMOGLOBINOMETER 


Here is the instrument that can speed up routine hemoglobin measurements and reports— 
reduce the work-load on your laboratory personnel—free important equipment and skilled 
people for more complicated work—and at the same time insure a consistent system of measuring 
and reporting total hemoglobin. 

The Coleman ‘25’ Photo-Hemoglobinometer measures hemoglobin quickly, precisely, photo- 
metrically and reports it directly in grams of hemoglobin per 100 ml of blood. There are no 
slides to prepare, no visual comparisons to make, no reference to calibration curves or tables. 

Just dilute the blood sample and read its hemoglobin content. 

With the Photo-Hemoglobinometer, hemoglobin can be measured 
any time, any place—in the laboratory, on the hospital floor, in the 
emergency ward or in the out-patient clinic. No need to transport 
samples or wait for reports. The Photo-Hemoglobinometer is com- 
pletely self-sufficient and authoritative—and its data is instantly 
available. 


Ready to use only 
$150.00 


See how this new analytical 
tool can improve your hemo- 
globin measurements. Use the 
coupon to ask for a free dem- 
onstration, or complete infor- 
mation, 


© OLEMAN INSTRUMENTS, INC., Dept. E, 42 Madison Street, Maywood, Illinois, U.S.A. 


} L would like a demonstration of the Coleman *25’ in my lab. ("| Please send complete information. 








Address 





| 

| 

| 

Name_ = - ’ | 
| 

| 


State 
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YOUR CHECK LIST OF VIRAL 


AND RICKETTSIAL ANTIGENS 


Specific antigens available for use in diagnosis 
of rickettsial and viral infections by the comple- 
ment-fixation test. 


Equine Encephalomyelitis (Eastern) Diag- 
nostic Antigen Lederle 

Equine Encephalomyelitis (Western) Diag- 
nostic Antigen Lederle 

Influenza Virus (Type A—PR 8 Strain) Diag- 
nostic Antigen Lederle 

Influenza Virus (Type A—FM 1 Strain) Diag- 
nostic Antigen Lederle 

Influenza Virus (Type B—Lee Strain) Diag- 
nostic Antigen Lederle 

Lymphocytic Choriomeningitis Diagnostic 
Antigen (Soluble Type) Lederle 

Mumps Diagnostic Antigen (Viral Type) 
Lederle 

Proteus OX19 Antigen Lederle (Positive 
titers appear with typhus infections) 
Psittacosis Diagnostic Antigen (Soluble 
Type) Lederle 

Q Fever (American Strain—Nine Mile) Diag- 
nostic Antigen Lederle 

Rickettsialpox Diagnostic Antigen (Soluble 
Type) Lederle 

Rocky Mountain Spotted Fever Diagnostic 
Antigen (Soluble Type) Lederle 

St. Louis Encephalitis Diagnostic Antigen 
Lederle 


LEDERLE PRODUCTS FOR LABORATORY MEDICINE 
ARE PREPARED AND TESTED ACCORDING TO THE 
HIGHEST STANDARDS 


AGENTS FOR LABORATORY USE: BLOOD GROUPING, Rh 
TYPING, AND ANTIHUMAN (Coombs Test) 
SERUMS, NIH-approved; SALMONELLA GROUP- 
ING and TYPING SERUMS; SHIGELLA GROUP- 
ING SERUMS; BLOOD CULTURE MEDIUM; E. 
COLI TYPING SERUMS*; SYPHILIS ANTIGENS; 
V.D.R.L.; Kahn Standard (Dr. Kahn Laboratory- 
approved); Laughlen Reagent (Dr. Laughlen Lab- 
oratory-approved); PASTEURELLA TULARENSIS 
TUBE ANTIGEN; VIRAL and RICKETTSIAL ANTI- 
GENS. *Prepared according to CDC methods and 
standards. 


AGENTS FOR CLINICAL USE: LYMPHOGRANULOMA 
VENEREUM SKIN TEST ANTIGEN and CON- 
TROL; TRICHINELLA EXTRACT and SALINE 
CONTROL; TUBERCULIN PATCH TEST (Vollmer). 


For further information contact the Lederle rep- 
resentative through your hospital pharmacy, or 
write: 


LEDERLE LABORATORIES DIVISION. AMERICAN CYANAMID COMPANY 
PEARL RIVER, NEW YORK 


t Lederte) 





FAMOUS 
CHEMICAL 


REFERENCE 
Now Greatly 
Expanded 

in Size 

and Scope 








The first new edition of THE MERCK INDEX in seven years is 
now on press. Published on a nonprofit basis to serve the professions, 
it is completely up-dated, increased in size, and expanded by 2,300 
new chemical monographs. New cross-indexing quickly leads you to 
concise information on any given substance—regardless of whether 
you look it up under brand name, generic name or systematic chemi- 
cal name. Send reservation certificate now to receive your copy imme- 
diately on publication early in 1960. 


Luxuriously bound * Nowcontains approximately 1600 pages 








RESERVATION CERTIFICATE (5.524; 
SRL PLLLLE DED LLEESP ESNIPS EASE ESS 


Merck & Co., INc. . Rahway, New Jersey 

I wish to receive the new MERCK INDEX (Seventh Edition) immediately upon 

publication. Kindly reserve a copy in my name at pre-publication price of $11.00. 
..Check enclosed... .Bill me for price of book plus 40¢ handling charge. 


Name... 


Address 
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___Kodak reports on: 


why it pays to be patient with the scientific mind . . . a little something for 
the taxpayers ... why it’s hard to keep our mind on the store 


Color film, fast but good 

Has anything big come out of 
the Kodak Research Labora- 
tories lately? Sure— Kodak 
High Speed Ektachrome Film, 


now on sale at thousands of 
film counters in 20-exposure 
135 magazines, a film with an 
Exposure Index of 160 in Day- 
light Type and 125 in the Type 
B (for 3200°K), 

admitting no impairment of 
definition in return for speed, 


asking little more light than 
fast black-and-white film in 
return for full color, 

in slides that look right even if 
the photographer has not 
fussed much about the frigidity 
of his film storage cabinet or 
the color balance of his illumi- 
nation. 

Your deaier can arrange to have 
this film processed by Kodak or any 
other laboratory offering this service. 
You can also do it yourself with the 
Kodak Ektachrome Processing Kit, 
Process E-2, Improved Type. 


Microelectronics 


Ever hear of the Diamond 
Ordnance Fuze Laboratories? 
It’s a Department of the Army 
agency in Washington. To 
support DOFL, the average 
citizen shells out the federal 
tax on, let us say, several 
gallons of gasoline a year or a 
little tobacco. Since a fuze is a 
device which times an explo- 
sion to blow up his enemy, he 
probably wouldn't mind the 
expense if it were explained to 
him. But, mirabile dictu and 
happy day, prospects brighten 
that the piddling investment 
will pay off beyond the dreams 
of avarice! 

DOFL has spawned “mi- 
croelectronics,” the shrinking 
of electronic assemblies to 
1/100 normal size. DOFL be- 
came involved through the 
proximity fuze program, which 
requires very small and ex- 
ceedingly rugged components. 
We are involved through cer- 
tain products we make. Micro- 
electronics may be bigger than 
both of us. It may make pos- 
sible the placement of elec- 
tronic devices inside the body, 
for diagnosis or for replace- 
ment or repair of human or- 


gans with electronic equiva- 
lents. It may permit a new di- 
rectness in the study of the 
central nervous system. 

The theme of microelectron- 
ics is that if you want environ- 
ment-immune, highly “‘intelli- 
gent” circuitry that can handle 
problems of logic and fit into a 
tenth of a cubic inch of space 
or sO, you quit at an early 
stage of the design thinking of 
transistors, diodes, capacitors, 
resistors, and such. Instead 
you think of the circuit as one 
or more plates half a milli- 
meter thick and fabricated as 
intricately as necessary out of 
various conductive, semi-con- 
ductive, and dielectric mate- 
rials disposed among the three 
dimensions of each plate. 

The technique uses Kodak 
High Resolution Plates on 
which the geometry of the 
various sub-circuits is photo- 
graphed from drawings at 
great reduction. With the help 
of other light-sensitive prod- 
ucts of ours, these become 
masks for either removal of 
material or insertion of other 
materials by evaporation, 
printing, electro-deposition, or 
chemical deposition. 


The next thing to do is to send to 
Eastman Kodak Company, Special 
Sensitized Products Division, Roch- 
ester 4, N. Y., for a reprint of “*The 
DOFL Microelectronics Program.” 


Alkylsulfony! from 
different viewpoints 
A gentleman of Oak Ridge 
called to our attention a paper 
(J. Chem. Soc., 1957, 2420) 
which, in the course of ex- 
amining 29 different alkylsul- 
fonates, reports ethyl methane- 
sulfonate as one of four which 
effectively inhibit a_ trans- 
planted rat carcinoma. Previ- 
ously Haddow and Ross (Na- 
ture, 177, 995) had reported 
that this particular compound 
has the striking feature of 
greater efficiency when admin- 
istered orally in aqueous solu- 
tion (20 mg/rat/day) than by 
daily injection of the same so- 
lution. The sequence of ideas 
which led Haddow and Ross 
to this finding is interesting. 
The initial idea was that 
chloroethylamines are poten- 
tial tumor-growth inhibitors. 


This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally alittle rev- 
enve from those whose work has something to do with science 
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The second idea was to use 
the compound 2-chloroethyl 
methanesulfonate as a reagent 
for chloroethylating an amino 
group under mild conditions. 
The third idea was to run this 
reaction in vivo instead of in 
vitro. This actually worked. 
2-Chloroethyl methanesulfo- 
nate proved an effective inhibi- 
tor in the rat both intraperi- 
tonally and orally, and it in- 
duced no significant depres- 
sion of bone marrow. The 
fourth idea was to write 2- 
chloroethyl methanesulfonate 
as CH;SO,OCH:CH.X and 
vary the X from Cl to some- 
thing else. With X as fluorine, 
cytotoxic activity persisted. 
The big surprise must have 
come with X = H, the unsub- 
stituted ethyl methanesulfo- 
nate, the one that works better 
orally. This shifted the spot- 
light to the other end of the 
molecule, where dwells the 
methanesulfonyl group. 

Our heads buzzing, we gave 
up trying to understand the 
basic biochemical issues. Our 
role is that of storekeeper; we 
must remember that. And 
what methanesulfonates did 
we have in the store? We had 
n-Butyl Methanesulfonate 
(Eastman 4671). (There had 
been requests for it. We 
haven't had time to track 
down why.) We went to work 
and put Ethyl Methanesulfo- 
nate on the stockroom shelf as 
Eastman 7830. Then, as a 
switcheroo, but with a certain 
seriousness of purpose, we 
made Methyl Ethanesulfonate 
(Eastman 7876). Perhaps 
someone will buy it who wants 
a deeper understanding of why 
the interchange of methyl and 
ethyl groups between the ends 
of the molecule depresses but 
does not destroy biological 
activity. 

He will order from Distillation 
Products Industries, Rochester 3, Yy 
(Division of Eastman Kodak Company). 
Our catalog is “Eastman Or- 
ganic Chemicals. List No. 41." In | 
it are to be found, described and 
priced, some 3700 highly purified 
organic chemicals for research 


odialk 


TRADE MARK 














eae 


Antibiotica et Chemotherapia 


Fortschritte - Advances - Progres 





Edited by O. GSELL (Basel) 
Just out Vol. 7 ea. 350 p., 29 fig. ea. US $14.40 
F. Miezocu (Wien): Corticosteroide und Antibiotica in der Behandlung der Tu- 
berkulose. 


P. RENTCHNICK (Genéve): Les corticostéroides dans le traitement des maladies infec- 
tieuses. 


M. SPIeGEL-ADOLF Antibiotics in Relation to the Cerebrospinal Fluid. 
(Philadelphia, Pa).: 


H. ZoLLiKorer (Ziirich) : Die Corticosteroid-Therapie der Virushepatitis und der post- 
hepatitischen Erkrankungen. 


D. A. Lone (London) : Relationship Between Susceptibility to Corticosteroids and 
Resistance to Infections and Response to Chemotherapy. 


R. NEHER ( Basel): Chemie der Corticosteroide. 





Vol. 6: VIIL + 530 p., 23 fig., 60 tab., 1959. US $19.90 


P. Miiller (Basel): Verwendung der Antibiotica im Pflanzenschutz und im Vorratsschutz. 

H. Ericsson and G. Svartz-Malmberg (Stockholm): Determination of Bacterial Sensi 
tivity in Vitro and its Clinical Evaluation.—H. P. Kuemmerle (Tiibingen): Entero-Colitis 
und Antibiotica.—W. Weber (Bern): Die Verwendung der Antibiotica in der Tierernih 
rung.—J. Francois et M. Th. Van Leuven (Gand): Les sulfamides et les antibiotiques 
en ophtalmologie. Etude expérimentale et clinique-——E. Freerksen, E. Kriiger-Thiemer 
und M. Rosenfeld (Borstel): Cycloserin (D-4-Amino-isoxazolidin-3-on).—G. Bickel (Ge 
néve): Les nouveaux corticostéroides et leurs applications en médecine interne. 


Vol. 5: VIIL + 336 p., 12 fig., 1958. US $14.40 
J. Biichi und X. Perlia (Ziirich): Die Weiterentwicklung der Antibiotica als Arzneimittel 
1954-1957.—A. Eyquem (Paris): Chimiothérapie des hémopathies malignes.—L. Schindel 
(Jerusalem): Nebenwirkungen von Streptomycin-Dihydrostreptomycin.—L. Mosonyi (Buda 


pest): Die Wirkung der Antibiotica auf die Zellen——C. Béhm (Miinchen): Die modernen 
Antibiotica und das Dysbakterieproblem. 


Vol. 4: VI + 392 p., 50 fig., 1957. US $15.35 
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These compact, portable self-contained 
“bench top” Preamplifiers — as used in 
Sanborn 350M and 550M Recording 
Systems — are now available as separate 
units, to operate oscilloscopes, optical 
recorders, indicating meters. 

Each “450” unit includes a portable case, 
power supply, and any one of the 
interchangeable 350 Series Preamplifiers 
listed below — for use in laboratory 
monitoring or recording of a wide 
variety of physiologic events. 





VERSATILE, PORTABLE 


“450” SERIES 





RESEARCH PREAMPLIFIERS 


from SAN BORN 


for monitoring and analysis of . . . 


Various gases and dye dilution curves — Model 450-1300A 
DC Coupling 

Low level signals, EEG, small muscle myograms, thermo- 
couple and strain gage outputs — Model 450-1500 Low 
level 

ECG's, large muscle myograms, ballistocardiograms, etc. — 
Model 450-1600 ECG/ General Purpose 

Venous, arterial, intracardiac, respiratory pressures; strain 
gage, displacement, temperature and outputs of other 
transducers — Model 450-1100 Carrier 


Full range heart sounds for diagnostic phonocardiograms — 
Model 450-1700 Heart Sound 


Sanborn pressure transducer outputs, particularly in cardiac 
catheterization techniques — Model 450-3000 Medical 


Carrier 


Related Sanborn instruments include the Model 569 Viso- 
Scope oscilloscope, the Model 579 Electronic Switch for 
viewing up to four different traces simultaneously, and the 
Model 559 Vector Timer for vector loop display on the 
Viso-Scope. 


For complete details and application data, contact your local Sanborn Branch Office or write Inquiry Director. 
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... for the measurement of serum total base 
and the estimation of serum sodium 


See F. Wm. Sunderman et al, ‘“‘Manual of A.S.C.P. Workshop on Serum Cations,” 
American Journal of Clinical Pathology, Vol. 30, No. 3 (Sept., 1958) p. 269 





SUNDERMAN 
CONDUCTIVITY APPARATUS 























» « « For rapid, routine determinations of the conductivity of 
small quantities of biological fluids 


Designed specifically for the measurement of 
serum total base and the estimation of serum 
sodium, but suitable for rapid, routine de- 
terminations of the electrometric conduc- 
tivity of small quantities of other biological 
fluids such as sweat. Measurements can be 
made quickly and the reading reflects the 
serum base concentration, which has im- 
portant clinical significance. Tests can be 
made using only 0.5 ml of sample. 

Bridge is of the Wheatstone type and is an 
improved, direct reading model of the instru- 
ment originally described by F. William 
Sunderman, American Journal of Clinical 
Pathology, Vol. 19, No. 7 (1949), p. 659. See 
also F. William Sunderman et al, ibid, Vol. 
30, No. 3 (Sept., 1958), p. 269. The dial in- 
dicates specific conductance expressed as 
mhos (reciprocal ohms) X 10° at 25°C. The 
bridge is furnished with a cell constant com- 
pensator, a temperature compensator, and 
“magic eye’ null point indicator. It is 
entirely self-contained, and requires only 
connection of the conductivity cell. 


The Pipette Form Conductivity Cell, 
capacity 0.5 ml, is designed for collection of 
samples from small-mouthed vessels. Each 
cell is individually calibrated and perma- 
nently marked with cell constant. 


In use, after placing the serum filled con- 
ductivity cell in the water bath and allowing 
time for temperature equilibrium, the tem- 
perature and cell constant knobs are set to 
the correct values, and a_ conductivity 
measurement made by merely turning the 
bridge dial control knob until the dark seg- 
ment of the ‘“‘magic eye”’ indicator tube reaches 
its widest shadow angle. Dial then indicates 
specific conductance of the serum expressed 
as mhos X 10° at 25°C. Serum total base is 
calculated by means of the nomogram fur- 
nished with the outfit. 

4031. Conductivity Outfit, Sunderman Direct 
Reading Type, A.H.T. Co. Specification, 
as above described, consisting of Conductivity 
Bridge and Conductivity cell, with water bath, 
thermometer, thermometer holder, author’s nomo- 
gram and directions for use. For 115 volts, 50 or 
60 cycles, a.c. 264.50 


More detailed information sent upon request. 
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CLINICAL AND EXPERIMENTAL 


MYOCARDIAL BLOOD FLOW DETERMINED BY SURFACE 
COUNTING AND RATIO FORMULA 


G. SEVELIUS, M.D... anp P. C. JoHNson, M.D 
OKLAHOMA CItry, OKLA. 


A CONVENIENT method for the estimation of myocardial blood flow would 


be of considerable clinical importance. The methods now available, while 
useful in research, are not applicable to routine clinical testing since eatheteriza 
tion must be accomplished. We wish to report a method for estimating myo 
cardial blood flow whieh circumvents this difficulty and which is applicable te 
routine clinical testing. 

Huff and assoeiates' and others have found that cardiac output can be 
estimated by following the passage of a radioactive tracer through the heart 
This is accomplished by placing a gamma ray detector on the chest wall over the 
outflow tract of the heart and measuring the chronological change in counting 
rate. The eurve produced during the first circulation of the radioactivity is 
described as having 2 well-defined peaks representing the passage of the radio 
activity through the right and left sides of the heart, respectively. The area 
beneath these peaks is inversely proportional to the rate of blood flow through 
the heart. This value can be used in the dye dilution formula for cardiae out 
put which was devised by Stewart, and revised by Kinsman and associates,’ it 
the amount of radioactivity is converted to concentration by a calibration factor 

Attempting to reproduce the work of Huff and associates, we used an 
externally placed detector to measure cardiae output. Our time activity curves 
were found to inelude a third peak which closely followed the 2 peaks of the 
heart curve. The onset of this third peak coincided with the appearance of the 
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radioactivity in the periphery. Since the major peripheral circulation seen by 
the detector is the heart itself, when the detector is over the projection of the 
heart, we felt that the area of this third peak might be related to myocardial 
blood flow. To test this idea we have compared the estimates of myocardial 
blood flow obtained by this method in a elinieal survey and in various dog 
experiments. 
MATERIALS AND METHODS 

Equipment.—For detecting and recording, we used one heart channel and one carotid 
channel. Each channel consists of a scintillation detector, a rate meter, and a recorder. The 
scintillation detector has a 14% by 2 inch sodium iodide erystal with a %& inch lead filter 
enclosed in a cylindrical collimator. The crystal with its filter is flush with the top of the 
collimator. The output of this seintillation detector is fed into a linear rate meter (Tracer- 
lab precision rate meter) with a 0.32 m.f.d. integrating condensor which allows the rate 
meter to go full seale in 0.3 second. Full scale represents 25,000 ¢.p.m. on the heart channel 
and 10,000 ¢.p.m. on the carotid channel. The rate meter is connected to a rectilinear 
recorder (Texas Instrument) recording at a speed of 12 inches per minute. The syringe used 
for injection of the tracer dose is a siliconized tuberculin syringe. The tracer substance used 
has been radioactive iodinated human albumin (R.I.8.A.) or Diodrast. The volume of the 
dose has been 0.2 to 0.4 ml. for humans and 0.05 to 0.1 ml. for dogs. The amount of radio 
activity has been about 20 we for humans and about 2 ye for dogs. The radioactivity can 
be corrected for machine sensitivity or vice versa, but we have found that the third peak is 
more easily seen with a small dose and a high sensitivity. It is important to have the peaks 
of the heart curve reach a height of about 20,000 counts per minute, 

The extrapolation of the heart curve and myocardial blood flow peak are done 
mathematically by the method of least squares or by a French curve of best fit. The 
under each curve are determined by a planimeter. 


areas 


The projection of the heart on the chest wall is found by a standard chest x-ray. 


Procedure.—The patient is seated in front of the detectors. The projection of the heart 
is marked on the chest wall. The detector of the heart channel is placed over the middle point 
of the heart projection on the chest wall. The detector of the carotid channel is placed over 
a carotid artery. The purpose of the carotid channel is to register the start of the peripheral 
cireulation and in this way identify the start of the third peak on the heart curve. These 
appear simultaneously on the recording because it moves at a rate considerably slower than 
that of arterial blood. \ base line is obtained on the reeording before the injection of the 
tracer dose. 

The injection is made in the antecubital vein, preferably the basilic vein. The injection 
should be performed as rapidly as possible to prevent excessive dilution of the radioactive 
dye bolus. The curves are more distinct and easily interpreted when the dye bolus is small. 
The time of injection is marked by a 6 volt impulse released from a foot pedal. The exact 
amount of radioactivity in the syringe is determined by placing it in front of the detector 
before and after the injection. In this way, the actual percentage of the dose injected can 


be determined. Ten minutes later when complete mixing between blood and tracer has taken 


place a final recording is run with the patient in the same position and a blood sample is 


withdrawn. The concentration of radioactivity in this blood sample is ‘etermined in a well 
counter. A calibration factor for the system is obtained by calculating the ratio of the 
radioactivity of this blood sample and the reading on the recording made at the time the 
blood sample was taken. This factor also corrects counts per minute to concentration in the 
dye dilution formula. 


Interpretation of the Curves.—Figs. 1 and 2 show typical curves obtained over the heart 
region and under each a curve obtained over the carotid artery. 


The tracing runs from right 
to left with the time as the base line. 


On the original curve 5 mm. represents 1 second. 


The height of the curve represents the count rate per minute as it appears under the 
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gamma ray detector. The point labeled injection is the time of injection of the radio 
iodinated albumin into the antecubital vein. At point H, on the heart curve the first radio- 
activity enters the right heart and, as more accumulates, the curve moves upward, reaches a 
maximum, and then begins to descend as the radioactivity passes into the pulmonary artery 
and the lungs. After traversing the pulmonary circuit, the radioactivity reappears in the 


left side of the heart and the curve again reaches a peak. This second peak lies on the 


downslope of the curve for the right heart as there is never any overlapping in a radioisotope 


EQUILIBRIUM RECIRCULATION . Vv. INJECTION 











Fig. 1 Tracings from a normal subject by body surface counting over the heart region, 
upper tracing, and the neck region, lower tracing, during the first circulation of the tracer. 
The shaded area represents the peripheral circulation in the heart region, the myocardial blood 
flow Note that the peripheral circulation in heart and neck region starts simultaneously 
Text contains explanations of letters 


EQUILIBRIUM RECIRCULATION INJECTION 











Fig. 2 Tracings recorded over heart and neck regions in a patient with coronary oc- 
clusion. Note that the shaded area representing coronary circulation is smaller than that in 
Fig. 1 
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tracing. At the time of the start of the peripheral circulation (point K,) as it is recorded 
on the carotid channel, a third peak is recognized lying on the downslope of the peak from 
the left heart. The authors assume that this third peak is related to the peripheral circulation 
mcnitored in the heart region. The heart curve beyond the coronary peak and the coronary 
eurve beyond recirculation have to be extrapolated to the base line (points H, and K,, 
respectively). As in the case of the dye dilution curves, both are exponential beyond their 
deflection points and the exponential curve of best fit can be determined using the points 
lying between the deflection po nt and recirculation by the method of least squares. The 
authors used this method for one-half year. The technique was very time consuming with 
tiresome mathematical calculations; each curve took about 2 hours to construct. However, 
n going back over the mathematically constructed curves we found that we could do as well 
with a French curve of best fit ( Keuffel and Esser Co. No. 1860-4), and that it was beyond 
the aecuracy of the planimeter to detect the difference between the 2 methods. The heart 
curve, as it appears in Fig. 4 devoid of coronary circulation, fits the French curve almost 
exactly. Care must be exere sed to include only the slope bevond the deflection point wher 
the curve changes from convex to concave. 

If ordinates are drawn upward from the extrapolated portion of the heart curve to 
the top of the coronary curve, it will be noted that at first the ordinates inerease in height; 
this is followed by a decrease and then another increase, The point where these vertical 
heights increase for the second time is the moment when the first recirculation of the tracer 

rins. The coronary peak has to be extrapolated beyond this point and it is done in the 
same fashion as the extrapolation of the heart curve. The whole procedure is usually very 
easily accomplished, 

The areas beneath both the heart and coronary curves are determined with a plani 
meter, The transit time for the radioactivity to pass the heart and the coronary is measured 
on the base line from the time where each curve starts to where each seems to end as they 
are extrapolated to the base line. Each 5 mm, represents 1 second (distances H,-H, and 


K,-K,, respectively 


Mathematics.—Our aim is to determine cardiae output as Huff and associates did and 
then to determine the ratio of the cardiac output and the coronary blood flow during the 
first circulation of the radioactive tracer through each organ. By dividing the cardiac out 
put by this ratio we can obtain the peripheral organ blood flow. Cardiac output is estimated 
by the method of Huff and co-workers, and we make use of the dye dilution formula of 
Kinsman and associates, 

I 
Cardiae output { cx Ee 


eounts per minute [c.p.m.] x milliliters injected 
In jected dose 
milliliters 


Area beneath the heart curve in square inches 
k Converts square inches on graph to ¢.p.m. x seconds 


Ix Calibration factor ratio of ¢.p.m. per milliliter blood at equilibrium over ¢.p.m. 


recorded on the heart curve at the same time 


In order to derive a formula for determination of the ratio between the cardiac output 


F,) and the coronary blood flow (F.), the following formulation is first made. After the 


tracer dose (1) is injected into the blood stream it will be mixed homogenously with blood 


forn tracer-blood bolus of size lL The expression j Py 


{ ac 


stands for 


the continuous change in concentration within the traced blood bolus as it mixes with the 
rest of the blood. As an approximate assumption the statement has to be made that the 


tracer dose within the blood bolus is homogenously mixed with the blood through the cross 
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section of the blood stream. The tracer will then behave and branch as the blood stream 
with which it mixes. The volume of the traced blood bolus (V) in each instanee will be: 


[ 


rr 
fat 

J 0 

A certain amount of I represents a certain area (A) on the recording in direct proportion. 
According to the axiom, the area is proportional to one of its dimensions; in this case it is 
the height. The proportionality factor is the sensitivity (S) of the recording equipment. 
We can thus state: 


A 


a 
(s 


If this equation is expressed per time we receive an expression for flow 


V I A 
T a eo 
T . fac T . Jac .s 


. . . uv 


. 
F 


Specifically for heart (subseript h) and coronary (subseript « this would he: 


Ay 


A. 
P, . a e a 
nm faq +s, r.- fac.-s 


. 7) 


Another expression for crgan blood flow is obtained from the dye dilution formula for each 
organ, again making use of the deteeted traced total blood volume instead of just a tracer 
substance as the tracer. The coneentration between the tracer substance within the blood 


- oe 
bolus is not known as a continuous dilution is occurring. Let the integral | AC, at the 
J o 


> o 
heart level and f a’c, at the coronary level express this changing concentration. We 
/ o 


can then express cardiac output and coronary blood flow as: 


F, 


f formulas are substituted into formulas (5), one receives: 


I, - 8, 
Ay ° ( a 
AG, 


_ 
A.: (4 
Jac 


As the concentration integrals within each equation are the same, these cancel out. With 


each equation solved for I, the ratio between the injected doses into each organ is then 


determined; one receives: 

L A,?2 - $8.2. - T 

I. A.2 - 8,2 - T, (8 
The heart flow and the coronary blood flow are both recorded in the same channel so that in 
this particular instance 8, S. and cancel each other. The amount of tracer entering each 


organ is proportional to that organ flow if, as we assumed from the very beginning, complete 
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mixing between blood and tracer 1s accomplished in the cross section of the blood vessel,5 


We consider this assumption reasonable and then finally state coronary blood flow as: 


? A,2 - T, 
F. F, re TT, (9) 


Model Circulation.—To prove the above mathematically derived ratio formula for 
branched flow we attempted the following experiment in a flow model. The arrangement 
Water was siphoned from a large tank through a principal tube 
down to a bifurcation where the flow was divided into 2 branches, each one emptying into a 
into the principal tube and into one branch. This 
simulated the heart with the unbranched flow and the coronary system with 
flow. 


was the same as in Fig. 3. 


container. Cylinders were inserted 


the branched 
Each cylinder was filled with glass beads to achieve turbulent flow. The 


whole system 
was filled with water. 


The water flow was siphoned through all tubings at a constant flow 
rate. The water from each branch was measured per unit time. The sum of 


each branch 
flow was the total ‘‘heart flow.’’ 


The heart evlinder (labeled A) and the coronary cylinder 


WATER SUPPLY 


HEART CYLINDER 
CORONARY CYLINDER 
DETECTOR 

COUNT RATE METER 


Recornver 
COLLECTING BASINS 


Fig. : Diagram of flow model 


labeled B) were placed in front of the detector. The machine was arranged as in the 
clinical work. A tracer dose of a fe 


w ue, dissolved in 0.05 ml. of saline, was injected above 


the heart cylinder into the principal flow. As the tracer dose passed through the heart 


cylinder, a flow curve for total flow was registered on the recorder. Below the heart cylinder, 


the flow was divided and part of it repassed the detector in the coronary cylinder. The 
total flow and branched flow were determined by the measurement of the water in each 


container The ratio between total flow and coronary blood flow was calculated from the 


resulting data. Our aim was to determine whether or not this ratio could also be obtained 


by monitoring over the cylinders and calculating the ratio from the registered flow curves. 
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A typical flow curve from the experiments is reproduced in Fig. 4. The results are shown in 
Table I. The correlation coefficient between the exact measured flow and our estimated flow 
is 0.933. This proves that the ratio formula allows one to determine flow by an external 


monitoring technique. 


TABLE I. COMPARISON IN A FLOW MopEL BETWEEN DETERMINATION OF BRANCHED FLOW BY 
DirEcT MEASURING AND BY SURFACE COUNTING 


H,O0 FLOW RATIO AREA IN TIME IN RATIO 

ML. PER GIVEN iE Fh SQUARE INCHES SECONDS 

Fr F, 4 Ap A, ‘ T, 

249 79 3.13 3.0 1.8 , 16.6 

370 172 9 2. 22.0 

582 220 4 7.6 0 

546 206 29.0 

604 264 6 

598 366 2 

348 190 28 

533 185 0 

136 

226 76 
266 102 
198 90 


293 103 


7. 


+ 


ie de WO OO 6O i U1 Ol i GO i 19 


om Ol DO DS me Oe 


*Refers to Fig. 4. 


| 


! 





Fi Typical time dilution curve recorded by surface counting technique in the flow 


g. 4 
model The first (Aun) represents unbranched flow The following lower peak represents the 
branched flow (Ac) 


RESULTS 


Dog Experiments.—F ig. 5 shows 2 tracings recorded at a dog experiment. 
The chest was open and the aorta was in normal position behind the heart. The 
scintillation tube was placed over the chest incision at a chest-wall distance from 
the heart. Both coronary vessels were dissected free and a loop of string was 
placed around them. The dose of radioactivity was 2 pe in a 0.07 ml. volume. 
The upper recording was done first with the coronary vessels open. The typical 


curve was obtained. The lower eurve was recorded shortly after with both 


coronary vessels occluded. On this recording the coronary peak has disappeared 


completely. A space is noted between the heart curve and the appearance of 


recirculation. This shows that radioactivity is not recorded from the descending 
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aorta. It also demonstrates that the third peak represents coronary blood flow. 
This experiment was accomplished with the surgical assistance of Dr. David 
Snyder. 

To investigate the accuracy of this method, coronary blood flow was deter- 
mined by simultaneously using both the nitrous oxide method* and this radio- 
isotope technique. These experiments were done at Washington University, St. 
Louis, with the help of Drs. R. Bing, W. Danforth, and F. Ballard, who per- 
formed the nitrous oxide determinations. Beeause of the diffieulties involved, 


only 1 human experiment was done. The radioisotope technique gave a 17 per 


RECIRCULATION 


uv 





RECIRCULATION 





” 


Fig. 5 Time dilution curves recorded from a dog experiment The upper tracing is re- 
corded with the coronary vessels open, the lower tracing when the coronary vessels are tem- 
porarily occluded Note the disappearance of the area representing the coronary blood flow. 
cent higher estimate than did the N.O method using a nomogram for heart 
weight. In dog experiments where the heart weight ean be measured, the N.O 
method gives a more exact estimate of total coronary blood flow. The first 4 
experiments were done with the chest wall of the dog closed. The values of the 
radioisotope technique were about 17 per cent greater than the NO values. No 
significant difference is noted when the chest wall was opened or when the aorta 
was displaced out of range of the detector. A very close statistical correlation 
is also noted between the two techniques (1 = 0.967). However, this does not 
prove that the 2 methods are exactly the same, but it does show that they follow 
each other very closely through a wide range of values. The results are listed 
in Table IL along with cardiae output determinations using the method of Fiek 
and the method of Huff. 


Clinical Study._-Fig. 6 shows the results from a clinical study of myo- 


cardial blood flow in 47 patients without and 18 patients with known coronary 
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TABLE IT. Carpiac Output (F,,) DETERMINED WITH I131 anpD CO, AND CorRONARY BLOOD FLOW 
(F,) DETERMINED WITH [131 AND N,O SIMULTANEOUSLY 


F, MILLILITER PER 
F, [| PER MINUTE MINUTE 
co, [131 N,0 [131 SUBJECTS 
6.79 6.73 254 305 30-year-old patient 
2.69 3.17 246 302 Dog chest closed 
4.91 4.93 258 238 Dog chest closed 
1.53 51 65 Dog chest closed 
2.33 2.32 144 194 Dog chest closed 
1.01 53 63 Dog open chest 
0.60 0.67 42 49 Dog open chest 
Displaced aorta 





os | —e } Bb 
20 - 31-40 41-30 5) 4 461-70 
AGE GROUPS 


Fig. 6.—Coronary blood flow values in different age groups. Patients without known 
coronary disease are marked as solid dots. Patients with known coronary disease are marked 
as triangles. Mean and 2 S.D. are marked in each age group as solid lines. Note the over- 
lapping between normal individuals and diseased patients in the seventh decade. 


disease using this radioisotope technique. These patients were matched for size 
and weight. The patients with coronary disease were ambulatory patients most 
of whom were recovering from myocardial infaretions. The determinations were 
done in a resting state with the patient seated. The data has been divided 
according to deeades. The diagnosis of coronary occlusion was confirmed by 
electrocardiogram, history, and physical examination. It is noted that in the 
resting state coronary blood flow remains about the same up to an age of 60 
vears. A smaller difference is noted between the normal range in each deeade 
and the infaret values as the patient grows older; these actually overlap in the 
oldest age group. The mean of the total normal group is 284 ml. per minute 
and the normal range is from 184 to 384 ml. per minute (mean + 2 standard 
deviations). 
DISCUSSION 

By now, many reports have been published on the usefulness of the surface 
counting technique for determining cardiae output. The authors usually de- 
scribe the heart curve as consisting of 2 peaks, 1 for each side of the heart. We 
have found that the typical eurve is composed of 3 peaks with the third peak 
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produced by myoeardial blood flow. There are several reasons why others have 
failed to find this third peak. Beeause of the irregularity of these tracings, 
others have purposely smoothed out these curves as much as possible in order 
to make the extrapolation simpler. This has been accomplished by longer time 
response in the rate meters, lower sensitivity settings, and faster recording 
speeds, all of which tend to obseure the relatively small third peak. Some 
investigators have made use of narrow collimation which excludes most of the 
coronary circulation. Still others have exeluded coronary blood flow by placing 
the detector above the heart over the second intercostal space. In a few publieca- 
tions, however, the third peak is easily recognized as a convexity on the down- 
slope of the second peak.* 

The duration of the second peak represents 3 or 4+ heartbeats. On first 
thought it might seem that the coronary peak would appear immediately after 
the start of the second peak and not on its downslope. This would be true if this 
peak represented only the radioactivity in the left ventricle. However, the 
second peak is composed of more than this since radioactivity is recorded as it 
approaches, passes through, and leaves the left ventricle. The simultaneous 
appearance of the peripheral cireulation in the neck region and the start of 
the third peak is a good proof that the third peak is produeed by the peripheral 
circulation in the heart region. The extremely short time required for arterial 
blood to pass from the heart to the carotid artery would require a very fast 
recorder to demonstrate a time difference between these 2 peaks. 

The blood leaving the left heart is divided between the different organs in 
proportion to each organ’s blood flow. If a tracer is added to blood and com- 
plete mixing is achieved from wall to wall, the tracer would be divided accord- 
ing to the blood flow. If the portion of the traced blood entering each organ 
can be determined, each organ’s blood flow could be estimated. We have recog- 
nized the myoeardial blood flow on tracings recorded over the heart. When 
organ blood flow is obtained on a tracing, we realize that many different tech- 
niques can be used to estimate quantitatively or qualitatively the blood flow to 
that particular organ. Mathematically we have derived a formula that gives 
values for flow which agree with estimates obtained by other techniques. The 
formula has been verified using a flow model. In a elinical survey this formula 
gives values that appear physiologic and which separate normal from pathologie 


hlood flow. We have also used the same formula in pilot studies for estimation 


of blood flow in kidneys, uterus, and brain. In all, the values obtained appear 


physiologie. 


Two extrapolations are required in this technique. The coronary peak lies 
on the extrapolation of the second heart peak. It is obvious that this introduces 
inaccuracies in our estimates of coronary blood flow. However, in duplicate 
testing and having different individuals perform these extrapolations, we find 
that values vary only + 15 per cent. Beeause the transit time is divided into 
the square of the area, any change in area produced by mistakes in extrapola- 
tion is partially compensated for by the ratio formula. Therefore, we do not 
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expect the values obtained to be exact measurements but they do appear to be 
good estimates. Beeause the method is so fast and simple we feel it will be of 
value in ¢clinieal work. 

SUMMARY 


A new method for determination of peripheral organ blood flow by a 
surface counting technique has been presented. The technical design, the 
graphical procedures, and the mathematical handling have been described. The 
method has been used for determination of coronary blood flow and the values 
so obtained compare favorably with those obtained by a classical method. In a 
clinieal study, the new technique has proved to be extremely simple, repeatable, 
rapid, and nontraumatie and ean in this sense be compared to a simple x-ray 
procedure, 
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APPENDIX 

As an example the calculations for Figs. 2 and 3 were as follows. The values are 
arranged in the following order: 

F Standard ets. x dilution factor x ml. inj. x % inj. x equil. reading 

. A, x k x bid. at equil. x 1000 
Ratio 
Fy 

Ratio 
Calculation of F, for Fig. 1: 


F, 


> 424622 x 1000 x 0.4 x 0.9 x 1400 
F,, > : ———s . per minute, 
6.4 x 185 x 34280 x 1000 


6.42 x 9 
Ratio i2 x 174 


3 
F 


0.243 L. per minute. 


5. 
: 21.2 


) 


Caleulations of F, for Fig. 2: 


: 466948 x 1000 x 0.35 «x 0.95 «x 2100 
Py 6.8 x 185 x 43137 x 1000 


6.0 L. per minute. 


: 6.82 x 8.8 me 
Ratio = = 46.7 
0.72 x 17.8 


6.0 


F, -= 
46.7 


0.128 L. per minute. 





VASCULAR ANOMALY ASSOCIATED WITH PLASMA 
THROMBOPLASTIN ANTECEDENT DEFICIENCY 
P. G. Frick, M.D., Pu.D., F. BACHMANN, M.D., anp F. Duckert, PH.D. 
ZURICH, SWITZERLAND 


EMORRHAGIC syndromes with a prolonged bleeding time associated with 


a disturbance of the mechanism of coagulation have been reported by 
various authors.’"'’ Thus far the prolonged bleeding time has been found in 
association with deficiencies of antihemophilic globulin (AHG, factor VIII) 
and plasma thromboplastin component (PTC, factor IX). The cause of the 
prolonged bleeding time is not uniform. In certain eases capillary microscopy 
disclosed definite changes,"* in others there appears to be a deficiency of a 
plasma factor which normally assures capillary integrity,. and in others there 
may be a functional platelet defect.’” 

This is a report of a patient with vascular purpura and plasma thrombo- 
plastin antecedent (PTA) deficiency. 


MATERIALS AND METHODS 


Clotting Time of Venous Blood.—The tests are carried out in duplicate at room tempera 
ture (25° C.) in siliconized or plain glass tubes with an internal diameter of 12 mm. Two 
milliliters of blood was placed in each tube. 


Plasma Recalcification Time.—The time interval between the addition of 0.1 ml. of 
0.025 M CaCl, to 0.1 ml. of plasma at 37° C. and the appearance of a clot was determined. 


Test Methods.—Bleeding time was determined by the method of Duke.11_ For the 
capillary fragility test, the method of Rumpel-Leede!2 was used. Determination of platelet 
count was made by phase microscopy according to Feissly and Liidin.13 Quick’s!4 one-stage 
prothrombin time was used with human brain thromboplastin. Prothrombin, prothrombin con- 
sumption, and factor VII complex were determined according to Koller and associates.15 
Factor V was determined by the method of Kappeler,1¢ fibrinogen with the technique of 
Clauss,!? factor VIII and factor IX using the method of Geiger and co-workers,!8 and the 
Stuart-Prower factor according to the method of Bachmann and associates.19 The thrombo- 
plastin generation test was performed with the modified technique of Duckert and co-workers.2° 


One-Stage Assay for PTA.—The plasmas of two different patients with congenital PTA 
deficiency?! were used as substrates. The technique was as follows: 0.1 ml. of PTA- 
deficient substrate plasma, 0.1 ml. of normal plasma diluted 1:10 with 0.9 per cent NaCl 
solution, and 0.1 ml. of chloroform brain extract in optimal concentration (1:100) were in 
cubated at 37° C. for 30 seconds. Then, 0.1 ml. of 0.025 M CaCl, was added and the clotting 
time recorded. The results obtained with several normal plasmas were averaged and represent 
the 100 per cent value. There is a wide individual range of the normal values corresponding 
to a concentration of 40 to 250 per cent of the average. A standard reference curve was 
obtained by further dilutions of normal plasma (Fig. 2). The PTA activity of an unknown 
plasma was determined by substituting the normal control plasma with the unknown. 
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CASE REPORT 


T. C., a 21-year-old white woman, underwent an appendectomy at the age of 9 years 
without hemorrhagic complications. Menarche occurred at the age of 13 years. There was 
no history of menorrhagia or metrorrhagia. At the age of 15 years she began having bouts 
of purpura over the lower extremities and arms. There were no specific precipitating factors, 
in particular there was no relation of the purpura to the menstrual cycle. The patient did 
not bleed excessively from minor cuts or abrasions, but she bruised rather easily. She was 
treated with vitamin C, rutin, ACTH, and cortisone without success. The family history was 
negative for hemorrhagic diseases; her grandparents, parents, two brothers, and one sister 
had had no hemorrhagic symptoms. 

On physical examination there was a morbilliform, partly confluent brown pigmentation 
of the lower extremities and the forearms as a result of the long-standing purpura, There 
were also fresh petechiae. As an incidental finding the patient had a beginning detachment 
of the retina in the right eye. Surgery was performed after the transfusion of 450 ml. of 
fresh blood. There was no unusual bleeding and the operative result was excellent. 


Laboratory Data.—The urinalysis was negative. Hemoglobin was 13.7 Gm. per cent, 
and leukocytes 5,700 with a normal differential count. The total protein was 7.1 Gm. per cent 
with a normal electrophoretic distribution of 61 per cent albumin, 9 per cent a-globulins, 12 
per cent B-globulins, and 18 per cent y-globulins, The eryoglobulins were negative. Cyto 
logic studies of vaginal smears over a whole menstrual cycle revealed no abnormalities. How- 
ever, the microscopic picture of the nail bed capillaries revealed striking abnormalities. The 
capillaries were extremely tortuous with a marked variability in caliber and an occasional 
anastomosis. Normal hairpin-shaped loops could be found only rarely. 


RESULTS 


The tests of hemostasis are summarized in Table I. The patient had a 


strongly positive Rumpel-Leede test, a prolonged bleeding time, and a de- 
creased prothrombin consumption. The thromboplastin generation test is 


TABLE I. TESTS OF HEMOSTASIS 


TEST | PATIENT T.C. NORMAL VALUES 
Whole blood clotting time in silicone 75-85 min. 25-70 min. 

Whole blood ciotting time in glass 914-21 min. 6-22 min. 
Plasma recalcification time 75-120 see. 60-120 sec. 
Prothrombin consumption test (6 hr. 

Residual prothrombin in serum 11-17% 1-4% 

Bleeding time 3-11 min. 1-3 min. 
Rumpel-Leede test Strongly positive Negative 

Clot retraction Normal 
Platelet count/e.mm. 158-267 ,000 
Platelet morphology Normal 
One-stage prothrombin-time (Quick ) 80-100% 70-100% 
Fibrinogen 
Prothrombin 

Factor V 

Factor VII 
Stuart-Prower II factor 
Factor VIII (AHG), one-stage method 100% 
Fibrinolysis Negative 
Antithrombin Normal 





150-400,000 


Normal 


50-150% 


illustrated in Fig. 1. The most abnormal results were obtained when the 
patient’s plasma and serum were used jointly. The thromboplastin genera- 
tion test with the patient’s serum alone gave variable results; at times it 
was slightly pathologic, on another occasion it fell within normal limits. 
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The thromboplastin generation test with the patient’s plasma was always nor- 
mal. These findings were strongly suggestive of a deficiency of PTA. This 
assumption was confirmed by mixing experiments with blood from known 
cases of PTA deficiency (Table Il). The undiluted patient’s plasma was less 
effective than undiluted normal plasma and even 1:5 dilution of normal 
plasma in buffer. The patient’s PTA activity, therefore, must have been less 
than 20 per cent of normal. This was in agreement with the results obtained 
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Fig. 1.—Thromboplastin generation test. 








TABLE Il. Errect or Patient T. C.’s PLASMA VERSUS NORMAL PLASMA ON THE CLOTTING 
TIME AND PROTHROMBIN CONSUMPTION OF PTA-DEFICIENT BLOOD 


RESIDUAL 
PROTHROMBIN 
0 2.0 ML. OF PTA-DEFICIENT BLOOD CLOTTING TIME ACTIVITY IN %& 
WERE ADDED 0.2 ML. OF: | IN MINUTES (24 HR.) 
Michae'is buffer 48 82 
Plasma of Patient T. C. undiluted 19.30 17 
Plasma of Patient T. C. diluted 1:5 in buffer 24.30 29 
Normal plasma, diluted 1:5 in buffer 14 2.2 


All determinations were done in duplicate. The clotting times were determined at room 
temperature (25° C.) After clotting, the mixtures were incubated in a water bath at 37° C. 


for 4 hours, and stored another 20 hours at room temperature before determination of the 
residual prothrombin in the sera 


with the more quantitative assay described under Materials and Methods 
(Fig. 2). The patient’s plasma was tested with two different PTA-deficient 
substrates and was found to have a PTA aetivity of 11 and 12 per cent, re- 
spectively, of normal. In order to eliminate the possibility of a deficiency 
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of PTC (factor IX) which could account for the inconstantly abnormal 
thromboplastin generation test when the patient’s serum was used alone, 
mixing experiments were performed with PTC-deficient plasma. The results 
in Table III clearly show that PTC-deficient plasma was at least as effective 
as normal plasma in correcting our patient’s abnormal prothrombin consump- 
tion. This excludes a deficiency of plasma thromboplastin component in our 


case. 


TABLE IIT. Errect or PTC-DEFICIENT PLASMA VERSUS NORMAL PLASMA ON THE CLOTTING 
TIME AND PROTHROMBIN CONSUMPTION OF PATIENT T. C.’s BLOOD 
| RESIDUAL PRO- | 
THROMBIN 
TO 2.0 ML. OF PATIENT T. C.’S BLOOD WERE ADDED CLOTTING TIME | ACTIVITY IN % 
0.2 ML. OF: IN MINUTES (24 HR.) 
Michaelis buffer 21 16 
Normal plasma, diluted 1:10 with buffer 20 6 
PTC-deficient plasma, diluted 1:10 with buffer 12.30 3.5 
Technique as in Table II. 


PTA- ASSAY 
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Fig. 2.—Plasma PTA activity of Patient T. C Key: x—x and e—e standard reference 
curves with plasmas of two individuals with congenital PTA deficiency ; clotting times 
and corresponding PTA activity of Patient T. C.’s plasma. Technique as described under Ma- 
terials and Methods 


DISCUSSION 


The simultaneous occurrence of a vascular defect with a deficiency of 
PTA adds a new entity to the large list of hemorrhagic diseases. The present 
case differs from the majority of other defects of coagulation associated with 
a prolonged bleeding time in two respects: (1) there is no proof of heredity, 
and (2) the purpura became manifest only at the age of 15 years. The nega- 
tive family history over 3 generations is unusual if one compares our case 
with the hereditary character of the prolonged bleeding time and the simul- 
taneous deficiency of AHG and PTC reported in other patients.* °* 

The onset of purpura after puberty remains unexplained. One is tempted 
to relate the purpura to the hormonal changes occurring at this age. However, 





684 FRICK, BACHMANN, AND DUCKERT J. Lab. & Clin. Med 


November, 1959 


this is mere speculation since the purpura was not related to the menstrual 
periods. It will be of interest to know if the bouts of purpura subside with 
menopause, 


SUMMARY 


A report has been presented of a 21-year-old woman with severe purpura 


secondary to abnormal eapillaries and plasma thromboplastin antecedent 
(PTA) deficiency. 
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PROTEIN FRACTIONATION 
I. CHROMATOGRAPHY OF HUMAN SERUM PROTEINS ON DEAE-CELLULOSE WitH 
SPECIAL REFERENCE TO BLoop Group ANTIBODIES 


R. J. Speer, Pu.D., Morron D. Pracer, Pu.D., T. F. Kevuey, M.S., 
AND J. M. Hix, M.D. 
Dauuas, TEXAS 


| cc nagersgi and Sober and their co-workers’: * have reported the prepara- 
tion of modified celluloses and their use for ion exchange chromatography 
of proteins. Their studies, which have primarily utilized the 2-diethylamino- 
ethyl ether derivative (DEAE-cellulose) as an anion exchanger, have been 


directed toward developing a general system for resolving complex protein 


mixtures. Among the earlier reports dealing with specific applications of this 
technique is that of Mitz and Yanari,® who achieved two- to tenfold inereases 
in the purity of kidney cathepsin and liver catalase. Ellis and Simpson‘ 
reported the purification of growth hormone by chromatography on DEAE-cellu- 
lose, and Lewis and Thiele® fractionated pancreatic insulinase on this adsorb- 
ent. Humphrey and Porter® have studied chromatographieally the reagin 
content of sera from hyperallergie individuals, and more recently Fahey, MeCoy, 
and Goulian’ have reported extensive studies with a variety of human serum 
samples. As a step toward evolving a fractionation scheme of wide applicability, 
the present paper is concerned with the effect of several eluting systems on 
resolution of human serum proteins chromatographed on DEAE-cellulose. 
Chromatograms have been evaluated by optical density measurements, deter- 
mination of electrophoretic mobilities, distribution of selected radioactively 
labeled proteins, and determination of the distribution of blood group antibodies 


MATERIALS AND METHODS 


Serun Samples. Serum samples, removed from clotted whole blood collected without 
anticoagulant, were stored frozen until used. Serum Tu was obtained from a group B, Rh 
positive donor whose anti-A titer increased markedly after receiving injections of Witebsky 
substance (Sharpe & Dohme group-specific Substances A and B), Anti-A titered 1: 2,000 in 
saline and 1: 16,000 in the indirect Coombs titration. Serum from Patient Jo was obtained 
from a group O, Rh negative donor who developed anti-D after receiving multiple trans 
fusions during World War Il. He has since received periodic injections of Rh positive cells 
to stimulate production of Rh antibody. With A,B, Rh negative cells, this serum gave saline 
and indirect Coombs titers of 1:512 and 1: 4,000, respectively, and zero and 1: 4,000, 
respectively, with group O, Rh positive cells. 
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Preparation of Adsorbent.—DEAE-cellulose (Brown Company, Type 20), a weak base 
anion exchanger was used throughout the study. It was prepared for use by first sieving 
t through a 100 mesh screen and collecting it on a 300 mesh screen. This material was then 
alternately washed 2 to 3 times by decantation with 0.1 N NaOH and 0.1 N H,PO,. The 
iydroxide form was brought to the pH of buffer | by suspending it in either glycine or 
H,PO,, as the case might be, at the concentration at which they were present in buffer I. 
Equilibration was completed by washing with buffer I itself. 

The absorbent (approximately 20 Gm.) was poured as a slurry into a 22 mm. diameter 
chromatographic column, To echieve a flow rate of 15 to 20 ml. per hour, it was packed 
under 15 to 20 pounds per square inch N, pressure to a height of about 30 em. After com 
pletion of a chromatogram, the adsorbent was removed to a large beaker and was regen 
erated by washing by decantation successively with 0.1 N NaOH, water, and 0.1 N H,PO,. 
Its exchange capacity of 0.38 mEq. per gram was essentially unchanged after use in 12 


successive experiments, 


Development of the Chromatogram.—After thorough dialysis against buffer I, the serum 
vas added to the column in 5 mil. aliquots. Buffers (indicated by Roman numerals in Figs. 
2, 3, and 4) were added dropwise from either a tight-fitting separatory funnel or an in 
verted bottle with a tube just below the liquid level in a 500 ml. Wolff bottle, which served 
as a mixing chamber. The latter, which was attached directly to the column, was agitated 
by a magnetic stirrer. The inverted bottle technique should not be used if there is apprecia 
ble difference in density between the solutions in the upper reservoir and mixing chamber. 


Gradients of increasing ionic strength and decreasing pH were used. Fractions were col 


lected for the most part at hourly intervals using automatic fraction collectors. All operations 


ere performed in a cold room at 5° C 


Optical Density and pH.—Optical density measurements were made on each fraction at 
# using the Beckman DU spectrophotometer. pH was measured on random fractions 
a Beekman Model M pH meter, 


Electrophoresis. —Combined fractions (indicated by capital letters in the Figs. 2, 3, 

+) were dialyzed against distilled water at 5° C. and lyophilized. The dried protein was 
redissolved in 0.9 per cent NaCl, and electrophoresis was conducted on paper using veronal 
uffer at pH 8.6 Individual fractions of chromatogram 1 were examined electrophoretically. 
Staining was with a bromphenol blue-mercurie chleride mixture. Electrophoretic analysis 
as performed simultaneously on a normal serum sample, and each protein component of the 
as classified by comparison to the serum component with which it corresponded 


sely 


ology. Several different serologic tests were performed, in some instances on the 

al fractions, in others, on the combined fractions. The saline agglutination test 

done by adding to one drop of fraction, a drop of 2 per cent saline suspension of human 
erythrocytes. The tubes were incubated for 30 minutes at room temperature and then read 
croscopically. The albumin test was similarly conducted except that the cells were sus 
pended in 20 per cent albumin. The indirect Coombs test was performed by centrifuging 
saline test and removing the supernatant. The cells were washed 3 times with 0.9 per 

t NaCl and a drop of Coombs serum (goat) was added; the mixture was incubated for 


> minutes at 37° C., centrifuged, and read microscopically. 

Radioactivity.—Radioactivity was measured on each fraction of chromatogram 1 with 
a Nuclear Instrument scintillation well counter, No. DS-3, and sealer, No. 183. Sinee both 
I and Fe5® are beta and gamma emitters, a differential analysis of their relative con 
tributions to the total radiation intensity was necessary. At the normal operating voltage 
of the well counter, 1,200 volts, the total activity was measured; at 750 volts only Fe5® 
activity was measured. From the ratio of Fe59 activity at 1,200 and 750 volts, the Fe59 


contribution to total activity 1,200 volts) was caleulated. 1131 aetivitvy was determined by 
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difference. For each fraction the results are expressed as a 


percentage of the original 
respective isotope. 


Decay corrections and instrument variance were eliminated by measuring 


the total activity of an aliquot of the chromatogram charge with each day’s assay. 
RESULTS 

Serum Tu was selected for study because its high titer of anti-A provided 
a good opportunity for following this biologie activity as the chromatogram 
developed. As a further aid to evaluation of fractionation, tracer quantities 
of transferrin Fe®® and albumin I'*' were added to the serum. In the schematic 
diagram of Fig. 1, it is seen that radioactivity is associated with protein that is 
essentially homogeneous electrophoretically. Reference to the elution profile 
(Fig. 2) for chromatogram 1 shows, however, that while the transferrin activity 
was chromatographically homogeneous, the ['*' is to be found in three distinet 
peaks. Table I gives the electrophoretic classification of the proteins of 
fractions at the optical density peaks. In some fractions mobilities have been 
found to vary slightly from those for the classical electrophoretic components 
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Schematic comparison of electrophoretic mobility and radioactivity of transferrin Fe®* 
and albumin I" with normal serum 

of intact serum, but in this table and succeeding ones, assignments have been 
made for the serum protein component which corresponds most closely. Of 
interest is the fact that the gamma globulins appeared in a single protein peak 
under these elution conditions while the beta globulins and albumins were 
subfractionated to a considerable degree. Serologie testing (Table 1) was done 
on individual fractions with group A, and group A, erythrocytes suspended in 
both saline and albumin. Activity was found to be well fractionated by each 
of the testing procedures. Reactions with A, cells were distributed into no 
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less than 4 distinet regions of the chromatogram; with A, cells, into 2 in saline 
and 3 in albumin. Of rather special interest are fractions 14 to 22 that reacted 
with A, cells in albumin but in no other test. 

In chromatogram 2 (Fig. 3) the buffer system was changed so as to 
decrease initial ionie strength and to maintain an elevated pH for a longer 
period after introducing serum onto the column. This has retarded break- 
through of the gamma globulins and has resulted in improvement in their 
fractionation as evidenced by the eleetrophoretie mobilities recorded in Table IT. 
With the larger quantity of serum used, the alpha globulins were better detected 
in the combined fractions and were well fractionated as were the beta globulins 
and albumins. Anti-A and anti-B aetivities were found in the same regions of 
the chromatogram. The Rh antibody was found distributed throughout the 
combined fractions, indicating great heterogeneity. 

TABLE I. ELECTROPHORETIC AND SEROLOGIC PROPERTIES OF INDIVIDUAL FRACTIONS OF 

CHROMATOGRAM 1 
SEROLOGY 


ELECTROPHORETIC MIN 
FRACTION CLASSIFICATION A, : A, A, 


Protein Charge 


l 
g, ¢ 


Albumin + §8-globulin 


Albumin globulin 
Albumin + globulin 

56-63 

64 

65 Albumin + §-globulin 

66 


67 
68 
So 
S4 
100 
101 
105, 
107 
110 
118 
124 
141 
145 


104 
106 
1090 
117 
123 
140 
144 
164 


Albumin 


Albumin 


globulit 


With a view toward finding conditions that would enhance adsorption of 
gamma globulins and thereby increase the opportunity for fractionation, a series 
of bateh experiments were performed with various anions at pH 9.0. Glyeine 
and borate were the most effeetive in increasing protein adsorption. The use- 
fulness of borate is limited, however, by its rather low solubility. In developing 
chromatogram 3, a constant amount of glycine was maintained in all buffers 
while applying the usual gradients of increasing ionie strength and decreasing 
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Fig. 2.—Chromatogram 1 Buffer system: constant NaCl, 0.025 M. In the following 
sequence the molarity of sodium phosphate and pH, respectively, are given: I, 0.005, 9.0; Il, 
0.010, 8.0: III, 0.020, 7.0: IV, 0.040, 6.0; V, 0.080, 5.0. Flow rate: 15 ml. per hour, Effluent 
volume: 1.8 L. Added proteins: 10 uc transferrin-Fe® and 20 yc albumin I (both products 
of Abbott laboratories) 
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sequence the molarity of 
9.0: II, 0.001, 9.0; III 
Flow rate: 20 ml 


2 Buffer system: constant NaCl, 0.0125 M. 
sodium phosphate and pH, respectively, are given: 
, 0.010, 9.0; TV, 0.020, 8.0; V, 0.040, 
per hour 


In the following 
I, no phosphate, 
7.0; VI, 0.080, 6.0; VII, 0.160, 5.0. 
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TABLE II. EL&CTROPHORETI 


COMBINED 
FRACTION 
Protein Charge 
Indectectable 
Tndectectable 
Indectectable 
y-globulin 
Indetectable 
Tndetectable 
Indetectable 
y-globulin 
y-globulin 
y globulin 
y globulin 


AGER, 


AND SEROLOGI( 


ELECTROP 
CLASSIFICATION 


KELLEY, AND HILL 


CHROMATOGRAM 2 


SALINE 
B 
Rh 


HORETIC A, 
Rh 


8- + y-globulin 


Albumin 
Albumin 
Albumin 
Albumin 
Albumin 
Albumin 
Undetectable 
Undetectable 
Albumin + a, 
V-Y Undetectable 


*All control agglutination tests 


better resolved protein peaks. 


The elution profile (Fig 


on the combined fractions are 


a, 


8-globulin 


globulin 


» globulin 


globulin 


with type O, Rh cells were 


4 } 
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PROPERTIES OF COMBINED FRACTIONS OF 


SEROLOGY * 

| INDIRECT COOMBS 
A, B oO 
Rh Rh Rh* 


+ + + 


O 
Rh* 


negative 


for serum Jo under these conditions shows 


The electrophoretic classification and serology 


given in Table III. 


As 0.015 M glveine has a 


lvtie action on red cells, it is important that it be removed by dialysis or 


decreased by dilution before performing serologic tests. 


TABLE IIT. ELECTROPHORETIC 


COMBINED 
FRACTION 
Protein Charge 

A-C Undetectable 
D y-globulin 
E Albumin + 8 
, 8-globulin 
Albumin 
Albumin 
Albumin 
J Albumin + a 
Albumin + a 


K 
I Undetectable 


M 
N-R 


*Control 


Undetectable 
Undetectable 


From caleulations based on optical densities 


AND SEROLOGI( 


ELECTROPHORETIC 
CLASSIFICATION 


agglutination tests with 


CHROMATOGRAM 3 


SALINE 


B 
Rh 


y-globulin 


globulin 


» globulin 


group O, Rh- cells 


were 


PROPERTIES OF COMBINED FRACTIONS OF 


SEROLOGY * 

INDIRECT 
A, B 
Rh Rh 


COOMBS 


O 
Rh* 


O 
Rh* 


all negative. 


of individual fractions protein 


recoveries have consistently been of the order of 90 per cent. 
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DISCUSSION 


In the work reported here, there has been ample verification of the claims 
of Peterson and Sober and their associates as to the efficacy of DEAE-cellulose 
in resolving complex mixtures of proteins. Protein peaks have been sharpened 
by using a modified buffer system, the principal features of which include a 
wider range of pH (9.0 to 4.5), the inelusion of glycine, and more gradual 
gradients of both pH and ionic strength in the earlier part of the chromatogram 
particularly. With the pH and ionie strength utilized in the first part of the 
elution eyele for chromatograms 2 and 3, it has been possible to prevent break- 
through of the gamma globulins and consequently to effect their subfractiona- 


GLYCINE-PHOSPHATE 


| BUFFER ELUTRIENT 
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wie lol wl ue lalalole| 











= 


Liters of effluent. 
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7 Li ’ 


, 
1.0 . 3.0 4.0 5.0 
' 
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Fig. 4 Chromatogram 3 Buffer system: constant glycine, 0.015 M In the following 
sequence the molarity of sodium phosphate and pH, respectively. are given I, no phosphate, 
9.0 ; II, 0.001, 9.0 ; TIT, 0.010, 9.0 ; TV, 0.020, 8.0 ; V, 0.040, 7.0 ; VI, 0.080, 6.0 ; VII, 0.160, 5.0 ; 


VIII, 0.320, 5.0; TX, 0.500, 5.0: X, same as IX with NaCl increased to 0.100 M Flow rate 
20 mil. per hour 


tion. It is of interest that albumin is distributed among several chromato- 
graphic peaks and that albumin-I'** was found by assay of radioactivity in 
three distinct peaks. Since completion of this work, Fahey and Steinfeld* 
studied radioactively labeled albumin chromatographieally on DEAE-cellulose 
and have concluded that iodinated albumin differs significantly from native 
serum albumin. Sharp and agsociates* were perhaps the first to demonstrate 
electrophoretic heterogeneity for albumin, and since that time chromatographic 
heterogeneity has been demonstrated first by ion exchange? '’ and later by 
Tiselius and co-workers''! with calcium phosphate gel. In_ fact 


g each of the 
classical electrophoretic components of serum has been subfractionated by the 
chromatographic process herein described. Some of the protein peaks are 


homogeneous electrophoretically, while others are not. This finding points 
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to the importance of applying multiple techniques to protein fractionation, 
each making use of a different property of the protein molecule in order to 
achieve the ultimate in protein purity. 

Serologic testing in this study has been coneerned with antibodies to the 
ABO and Rh factors of human red blood cells. Considerable heterogeneity has 
been observed for each antibody studied, irrespective of specificity. Antibodies 
have been found in fraetions for which electrophoretic mobilities ranging from 
that of albumin to that of gamma globulin were observed. Contrary to the 
widely held idea that antibodies are gamma globulins is the finding of serologic 
activity in fractions for which the only demonstrable electrophoretic component 
is albumin (e.g., fraetions G, H, I, Table III, and fractions N, O, and R, Table 
Il). However, because of the great sensitivity of serologic reactions, one cannot 
rule out the possibility that fractions with antibody activity might contain 
gamma globulin in quantities too low to be detected by paper electrophoresis. 

From work with the Rh system it has become evident that there are sera 
which, despite inability to agglutinate saline suspensions of erythrocytes, 
contain antibodies that may be demonstrated by other techniques. Hill and 
Haberman’* ** have pointed out that these nonagglutinating antibodies are of 
two different types. In their nomenclature the agglutinoid is the blocking 
antibody as originally characterized by Wiener™ and Race'® and may be demon- 
strated by its ability to block agglutination in saline, by prozone phenomena, 
and by the Coombs reaction. The eryptagglutinoid is also detected by the 
Coombs test, by agglutinating red cells in various colloidal media, or by aggluti- 


nating enzyme-treated red cells, but it does not block agglutination. Of special 


interest here is the separation of anti-A of the eryptagglutinoid type from 
anti-A agglutinin in fractions 14 to 22 of chromatogram 1 and again in the 


combined fractions of chromatograms 2 and 3. In the latter eases, the non- 
agglutinating anti-A and anti-B may not unequivoeally be classified as 
eryptagglutinoid, but it is presumed to be so beeause of lack of evidence of 
the presence of agglutinoid in the original serum. Of further interest from 
the standpoint of showing the high resolving power of this chromatographic 
technique are the fractions of chromatogram 1 which reacted positively with A, 
cells but not A., indicating a separation of anti-A from the more highly specific 
anti-A,. From the data which have been presented, one is drawn toward the 
conclusion that antibodies of a given specificity are heterogeneous both serologi- 
eally and physicochemieally. 


SUMMARY 

Several different buffer systems have been examined for their efficacy in 
producing well-resolved protein patterns in chromatograms of human serum on 
DEAE-cellulose. A glyeine-phosphate system with gradients of increasing 
ionie strength and decreasing pH has been shown to be particularly effective. 
Each of the classical electrophoretic components of serum has been subfrac- 
tionated. Antibodies reacting with human erythrocytes (anti-A, anti-B, anti-D) 
have also been fractionated, and evidence has been presented for resolution of 
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anti-A from anti-A, and the separation of cryptagglutinoid from agglutinin. 
The use of radioactively labeled proteins has further aided evaluation of 
resolution. 
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PROTEIN FRACTIONATION 
I]. CHROMATOGRAPHY OF SERUM PROTEINS OF PATIENTS WitH ACUTE 
LEUKEMIA AND MULTIPLE MYELOMA 
Morton D. Prager, Pu.D., R. J. Speer, Px.D., J. M. Hitt, M.D., 
JEANNINE WILLIAMS, B.S., AND MARGARET GOERNER, M.S. 
DALLAS, TEXAS 

[ gay the glycine-phosphate eluting system described in the preceding paper’ 

for developing serum protein chromatograms on DEAE-cellulose, attention 
is here turned to examination of pathologic sera. A technique is featured for 


comparing the patient’s serum with a normal serum by simultaneously de- 


veloping two chromatograms from the same buffer reservoir. Modifications of 
the glycine-phosphate buffers and their effeet on chromatographic resolution 
are described. In addition to characterizing chromatograms by optical density 
measurements, electrophoresis, and serology as were previously used, there 
have been included also studies with the diphenylamine reaction, lipid staining, 
determination of proconvertin, and ultracentrifugal data. 


MATERIALS AND METHODS 


Pertinent Patient History.—Patient Br was a 64-year-old white woman who was diag 
nosed on Jan. 9, 1957, as having acute granulocytic leukemia. Before institution of ther 
apy, serum was collected for chromatography. Except where indicated serum samples 
were chromatographed within 24 hours after collection and were maintained under refrig 
eration without freezing. Patient Wi was a 44-year-old white boy first seen on May 6, 
1957. He was diagnosed at that time as having acute lymphocytic leukemia and was given 
transfusions of 250 ml. whole blood on May 6 and 7, 1957. The sample studied chromato 
graphically was collected on May 8, 1957, before initiating antileukemia therapy. Patient 
Pe was a 3-year-old white boy with acute lymphocytic leukemia. He was in a special 
group of leukemia patients in whom bone marrow transplants were attempted following 
extensive irradiation with colloidal yttrium®%? preparations. The clinical studies have been 
reported elsewhere.2 Pe had been under treatment in the clinie of this institute for one 
vear, during which time two remissions were obtained, one with Methotrexate treatment 
and the other following combined therapy with 6-mereaptopurine and prednisolone. The 
latter drug was continued throughout the period of irradiation. A plasma transfusion on 
March 6, 1958, was the last given prior to the period of study. The first serum sample 
studied was collected on March 11, 1958, before administration of Y(OH),-Y% at a dose 
level of 3.5 me. per kilogram body weight. On March 21, 1958, a second serum sample 
was collected before giving the bone marrow graft, permitting observation of changes in 
the serum proteins due to the hard beta ray (2.18 Mey.) of the yttrium, which had in this 
10-day interval decayed through 4 half-lives. The first serum sample was stored frozen 
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until after collection. of the postirradiation sample; then the two were studied simultane- 
ously. Ineluded in this study are two cases of multiple myeloma. The first of these 
(Patient Ra) was a 65-year-old white woman who had been under treatment in the Wadley 
Clinie for 3 years, At the time of collection (March 21, 1957), the patient was receiving 
urethane. She had also received prednisolone, which was discontinued on March 12, 1957, 
and a transfusion of whole blood on March 2, 1957. Patient Ch was a 68-year-old man 
diagnosed as having multiple myeloma 14% months prior to collection on June 3, 1957. At 
that time he was under treatment with urethane and prednisolone. Serum samples from 
normal individuals used for comparison with the pathologie sera were obtained from blood 
bank donors. 


Preparation of the Chromatogram.—Preparation of the adsorbent and serum samples 
and development of the chromatogram were by techniques previously described.! An 
innovation intreduced here will be referred to as the double column technique. To 
facilitate comparison of normal and pathologic sera, they have been chromatographed 
simultaneously on two columns prepared under identical conditions and eluted by 
buffer flowing from a single mixing chamber. The latter has been accomplished most 
easily by attaching a Y tube to the outlet at the bottom of a 1 L. Wolff bottle and then 
connecting the other two branches of the Y to the two columns. An alternative technique 
is to use an Erlenmeyer flask as the mixing chamber, an inverted bottle for addition of 
each of the buffers, and two siphon tubes leading to the columns. The columns were 22 
mm. in diameter and contained about 20 Gm. of adsorbent packed to a height of 25 to 30 
em. An exception was the experiment with serum Pe in which, because of the reduced 


sample size, the column had a 10 mm. diameter and adsorbent height of 15 em. 


Evaluation of the Chromatogram.—Optical density and electrophoretic migration were 
measured as previously indicated. Electrophoresis of serum proteins of Patient Pe was 
quantitated with the Spinco Analytrol densitometer. Saline tests for anti-A and anti-B 
were performed on combined fractions (obtained by pooling successive chromatographic 
fractions, subjecting them to dialysis versus distilled water, lyophilizing them, and re 
dissolving the protein in physiologic saline). In one experiment, tests for anti-A and anti-B 
were conducted with papain-treated erythrocytes (R.B.C.), using the modified procedure of 
Hill, Kurtar, and Soules.* Two volumes of 0.1 per cent papain activated with cysteine 
and disodium ethylenediaminetetraacetate (EDTA) were added to 1 volume of washed, 
packed red blood cells and ineubated for 2 minutes at 37° C. The red blood cells were 
then washed in saline, and one drop of a 2 per cent suspension of these cells (in 0.9 per 
cent NaCl) was mixed with one drop of the test solution. After 2 minutes’ incubation at 
37° C., the tubes were centrifuged and examined microscopically. Location of lipids in 
the combined fractions has been by the Sudan black staining method of Swahn.4 Procon 
vertin assays were by the method of Owren.5 The Dische* diphenylamine reaction was 
performed on trichloroacetic acid filtrates of the combined fractions, and the visible ab 
sorption spectrum for the colors that developed was determined by scanning with the 
Beckman DK-2 spectrophotometer. Ultracentrifugation was conducted in the Spinco Model 
E ultracentrifuge with analytical rotor A on serum samples diluted with 0.9 per cent NaCl 
to a protein concentration of approximately 1 per cent. Enlarged prints were prepared 
from Schlieren patterns, and the area under each peak was determined by manually trac 
ing the curve with the Analytrol and making use of its automatic integration feature. 
From these areas, the percentage of serum protein associated with each sedimentation 


peak was calculated. 


RESULTS 


Pathologic sera were obtained from selected patients seen in the Wadley 


Clinie with acute leukemia and multiple myeloma. The sera have been chro- 
matographed on DEAE-cellulose with modified glycine-phosphate buffers. 
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Data presented here have been selected both for illustration of certain general- 
ities concerning the chromatograms and also for novel features to which 


attention may be drawn for a given pathologie serum. 


The chromatogram for serum from acute granulocytic leukemic patient 
Br is seen in Fig. 1, and evaluation of fractionation by studies of the combined 
fractions is given in Table I. The distribution through the chromatogram of 
the various electrophoretic classes in the original serum is rather complex. 
The first several peaks are found to be electrophoretically homogeneous, but 
the later fractions are mixtures showing 2 and sometimes 3 electrophoretic 
components. As noted previously’ the mobilities vary somewhat from those 
observed for the proteins of intact serum. This kind of observation has also 
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Fig. 1 Chromatogram of 15 ml. serum Br (acute granulocytic leukemia). Buffer sys- 
tem: constant glycine, 0.015 M. In the following sequence the molarity of sodium phosphate 
and pH, respectively, are given: I, no phosphate, 9.0; II, 0.02, 8.0; III, 0.04, 7.0; IV, 0.08. 
6.0; V, 0.16, 5.0; VI, 0.32, 5.0; VII, 0.50; 5.0 VIII, 1.60, 5.0; IX, same as VIII with 0.50 M 
NaCl added. Flow rate: 26 ml. per hour. 


TABLE I. CHARACTERIZATION OF COMBINED FRACTIONS FROM CHROMATOGRAM OF SERUM BR 
(AcUTE GRANULOCYTIC LEUKEMIA) 


SEROLOGY* 


COMBINED ELECTROPHORETI( ae he | B | DIPHENYLAMINE 
FRACTION CLASSIFICATION | CELLS | CELLS CELLS | REACTION t 


A y-globulin + . - Green 
B 8-globulin + - Green 
Cc Albumin + . Green 
D Albumin Green 
E Albumin Green 
. Albumin + a,- + a,-glob. Violet 
Albumin + a,- + B-glob. Violet 
a, + y-globulin ' t Violet 
a,- + B-globulin ; ; Violet 
Undetected - Green 
*Tests done in saline; control tests with group O red cells were negative. 
tAbsorption maxima: green, 469 my; violet, 530 my 
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been made by Sober’ and Fahey. Serologic studies with saline suspended 
red blood cells show isoagglutinins appearing in two distinct and well-sepa- 
rated portions of the chromatogram. The diphenylamine test gave two colors, 
yellow-green and violet with absorption maxima at 469 and 530 my, respec- 
tively. The green color appeared in fractions A to E and again in fractions 
J to L while the violet color appeared in successive combined fractions (F to I) 
representing 4 different chromatographic peaks. 
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Fig. 2.—Double column chromatogram of 10 ml. serum samples from normal G105 and 
Patient Wi (acute lymphocytic leukemia) sera Buffer system: constant glycine, 0.015 M. 
In the following sequence the molarity of sodium phosphate and pH, respectively, are given: 
I, no phosphate, 9.0; II, 0.02, 8.0; III, 0.04, 7.0; IV, 0.06, 6.5; V, 0.08, 6.0; VI, 0.12, 5.5; VII 


0.16, 5.0; VIII, 0.32, 5.0; IX, 0.50, 5.0. Flow rate: normal serum, 12 ml. per hour; serum Wi. 
18 ml. per hour 


Chromatograms for other pathologic sera to be presented here were ob- 
tained by the double column technique. The chromatogram for one of these 
(serum Wi, acute lymphocytic leukemia) is seen in Fig. 2. Because of differ- 
ences in flow rate for the two columns, different scales have been chosen to 
represent the effluent volume along the horizontal axis; the scales have been 
selected, however, so that protein peaks emerging from the column following 
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addition of a given buffer will approximately line up with each other as they 
are viewed on the graphs. This same method of plotting has been used with 
each of the succeeding double column chromatograms. Despite the difference 
in flow rates, one finds close correspondence of the various protein peaks with 
respect to point of appearance in the chromatogram after addition of a given 
buffer; of possible interest is the reversal of relative peak heights for D and E 
of serum Wi as compared to the corresponding peaks E and G for the normal 
serum. Studies performed on the combined fractions from these two columns 
are summarized in Table Il. The table is arranged so that data for corre- 
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Fig. 3.—Double column chromatogram of 3 mil. serum samples from Patient Pe (acute 
lymphocytic leukemia) before and after treatment with Y(OH),;-Y”. Buffer system: constant 
glycine, 0.015 M; in the following sequence the molari y of sodium phosphate and pH, 
tively, are given I, no phosphate, 9.0; II, 0.02, 8.5: III, 0.04. 8.0; IV, 0.06, 7.5: V : 
VI, 0.10. 6.5; VII, 0.20, 6.0; VIII, 0.30, 5.5; IX, 0.50, 5.0; X, 1.00, 4.5 Flow rate: before 
Y(OH)s-Y™, 16 ml. per hour; after Y(OH):;-Y™, 19 ml. per hour 


sponding combined fractions for the two sera are found along a single horizontal 
row. Examination of the electrophoretic data shows that the distribution of 
the electrophoretic components in the two chromatograms closely parallel each 
other. Some differences for corresponding fractions are noted, however; nor- 
mal fraction D contains albumin with ~-globulin while Wi fraction C has y- 


globulin accompanying the B-globulin. Another difference is seen in the 
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appearance of a-globulin in normal fraction E and its absence in Wi fraction 
D. It is noted that the homogeneous f-globulin fraction of Table I (fraction 
B) is not observed in this double column experiment. This difference reflects 
at least in part the number of individual fractions across one of the chromato- 
graphie peaks that were pooled to obtain the combined fraction for electro- 
phoretie characterization. In the serologic studies anti-B activity was the 
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Fig. 4 Double column chromatogram of 10 ml. serum samples from normal G103 and 
Patient Ra (multiple myeloma) sera Buffer system: constant glycine, 0.015 M. In the fol- 
lowing sequence the molarity of sodium phosphate and pH, respectively, are given: I, no 
phosphate, 9.0; IT, 0.02, 8.0; ITI, 0.04, 7.0; IV, 0.08, 6.0; V, 0.16, 5.0; VI, 0.32, 5.0; VII, 0.50, 


5.0; VII, 1.00, 5.0; IX, same as VIII with 100 M NaCl added. Flow rate: Normal serum, 
18 ml. per hour; serung Ra, 25 ml. per hour 

same for both columns, but anti-A was not detected in the fractions from 
serum Wi. The anti-A activity for the normal serum, however, had essentially 
the same distribution as that found in the chromatogram of serum Br. Pro- 
convertin activity was found in corresponding combined fractions, M for the 
normal serum and K for serum Wi. Lipid distribution as determined by 
Sudan black staining was also the same for both sera, appearing through the 
mid-portion of the chromatogram and being absent in the early and late 
fractions. 
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Studies on serum samples from patient Pe before and 10 days after ad- 
ministration of Y(OH),-Y® are recorded in Table III. Electrophoretically the 
serum proteins show a shift in distribution with decreases in the albumin and 
y-globulin and concomitant increases in the a- and B-globulins. From ultra- 
centrifugal data it is seen that sedimentation constants for the 3 groups of 
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Fig Double column chromatogram of 10 mil. serum samples from normal G107 and 
Patient Ch (multiple myeloma) sera. Buffer system constant glycine, 0.015 M. In the fol- 
lowing sequence the molarity of sodium phosphate : pH, respectively, are given: I, no 
phosphate, 9.0; II, 0.02, 8.5; ITI, 0.04, 8.0: IV, 0.06, 7.5: V, 0.08, 7.0: VI, 0.10, 6.5; VII, 0.12, 
6.0; VIII, 0.14, 5.5; IX, 0.16, 5.5; X, 0.32, 5.0; XI, 0.50, 5.0; XII, 1.00, 4.5; XIII, same as XII 
— 0.50 M NaCl added Flow rate: normal serum, 21 ml. per hour; serum Ch, 20 ml. per 
10Uur 


proteins have remained unchanged but that there has been some shift of pro- 
teins from the 78 to the 4S group. (The sedimentation constants as reported 
are uncorrected for viscosity.) Anti-A and anti-B titers were obtained both 
with saline suspended R.B.C. and papain-treated R.B.C.; by both techniques 
titers were decreased in the postirradiation sample. Chromatographieally the 
2 sera show an almost exact correspondence except for the quantity of pro- 
tein in the first large peak (Fig. 3). Corresponding combined fractions gave 


identical electrophoretic patterns. Diphenylamine reactions gave essentially 
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TABLE LIL. Srupies oN Pe SERA BEFORE AND TEN DAYS AFTER ADMINISTRATION OF COLLOIDAL 
Y (OH),-Y% 


STUDY BEFORE Y(OH),-Y% AFTER Y(OH),-Y9 
Electrophoresis Per Cent Protein Per Cent Protein 
Albumin 53.6 45.3 
Alpha, globulin 5.3 5.3 
Alpha, globulin 12.1 17.9 
Beta globulin 9.2 16.8 
Gamma globulin 19.8 14.7 


2 


Ultracentrifugation  *, Per Cent Protein Sa Per Cent Protein 
4. . 4.6 

23.: 5. 16.1 

2.1 3. 79.3 

Serologic titers Saline Papain Saline Papain 
Anti-A 512 > 2,000 : 1,000 
Anti-B 128 1,000 3 256 


Uneorrected for viscosity 


the same distribution of colored products as was observed with serum Br 
(Table 1); fractions E to Ht from both Pe sera gave the violet color with an 
absorption maximum at 530 my», and the other fractions gave the yellow-green 
color. For both sera, anti-A and anti-B were detected only in that region 
of the chromatogram corresponding to combined fraction | when the individ- 
ual fractions were examined by the saline test and with papain-treated R.B.C. 
The small samples (3 ml.) chromatographed in this experiment may account 
f* the failure to find antibodies elsewhere in the chromatogram. 

The two multiple myeloma patients were chosen because of an interesting 
difference in electrophoretic pattern. Serum Ch had a large increase in y-glob- 
ulin; while serum Ra had hypogammaglobulinemia and myeloma protein of 
a mobility intermediate between that of y- and B-globulins. Chromatographic 
comparison of these sera with normal sera by the double column technique is 
to be found in Figs. 4 and 5. Fractions A and B for the normal serum of Fig. 
+ represent an appreciable quantity of protein (y-globulin), but the corre- 
sponding peaks for serum Ra are considerably smaller. On the other hand, 
fraction © of serum Ra is much larger than the corresponding peak in the 
chromatogram of the normal serum. The protein of fraction C (serum Ra) 
was found to have the same electrophoretic mobility as the abnormal protein 
of the original serum, i.e., mobility between that of y- and B-globulins. The 
lipid distribution for both sera was the same as that recorded in Table II; 


electrophoretic components were distributed in essentially the same way as 


indicated in previous tabulations. lsoagglutinins were found in fractions 
A, B, Cy 1, and J from the normal serum, but, because of the low titer in serum 
Ra, they were not detected in the combined fractions obtained therefrom. 
Proconvertin assays failed to reveal this enzyme. The abnormally large peak 
(fraction A) in the chromatogram of serum Ch (Fig. 5) contains protein with 
typical y-globulin mobility, as does the corresponding peak in the normal 
serum chromatogram. With the gradual gradients of pIl and ionie strength 


utilized in this experiment, the sharpest and most symmetrical protein peaks 
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yet seen in our studies were obtained. Electrophoretic heterogeneity in the 
combined fractions was the same as in other eases, however. For both sera, 
isoagglutinins were found in fraction F only. 


DISCUSSION 

In the course of these studies changes in the gradients of pH and ionic 
strength have been used to determine their effect on protein resolution. The 
general tendency was to decrease the steepness of the gradients, and this has 
been accomplished by using an increased number of buffers differing from the 
preceding buffer by smaller and smaller increments. This adjustment of elut- 
ing conditions has led to increased sharpness and symmetry of the chromato- 
graphie peaks as evidenced by the chromatograms of Fig. 5. In that experi- 
ment, which has now been adequately duplicated, the largest number of buffers 
was used with the smallest jumps in pH and ionie strength. It is apparent that 
buffers VII, VIII, and IX, which eluted no protein from the column, may be 
eliminated without affecting resolution. 

Distribution of the serum electrophoretic components through the chromato- 
gram is rather complex, but some generalizations may be made. The first pro- 
tein peak which emerges from the column contains the bulk of the serum y-glob- 
ulin, and in this group of fractions it is free from other serum electrophoretic 
components. The beta globulins next begin to appear in the eluate, and, if one 
examines fractions in the immediate vicinity of the second protein peak, this 
protein will generally be electrophoretically homogeneous. As the number of 
fractions in this peak that are combined for electrophoretic examination is in- 
creased, one is able to detect the trailing edge of the y-globulins and the leading 
edge of the albumins that are the next proteins eluted. The albumins give a 
rather complex elution pattern appearing in three or four chromatographic 
peaks. The first one or two of these peaks have most frequently been found free 
of globulins, but the others contain alpha globulins. Following the albumin 
peaks, one finds fractions with varying ratios of the globulins. The variability 
in this region of the chromatogram may be due in part to the facet that relatively 
small quantities of protein are involved, and, with the limitations that exist in 
detecting minor electrophoretic components on paper, a particular protein com- 
ponent may be missed. It has not been possible to characterize eleetrophoreti- 
cally the protein of the last chromatographic peak despite the fact that judging 
from optieal density and biuret determinations there should be enough protein 
to be visualized with bromphenol blue staining. Failure to take the dye may 
mean that the bulk of material in these fractions is relatively low molecular 
weight polypeptides; this point is currently under investigation in our labora- 
tories. These findings are for the most part in agreement with those of Fahey. 
and with the findings of Sober,’ who used a somewhat simpler phosphate buffer 


system. 


Isoagglutinin detection in this study has been primarily by saline agglu 
t 


tination. It has been possible to demonstrate the presence of anti-A in two 


widely separated regions of the chromatogram. Anti-A activity first appears 
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in the early chromatographie peaks which contain large percentages of y-glob- 
ulin and then again in the fractions following addition of the buffer which con- 
tains 0.32 M sodium phosphate at pH 5.0. Anti-B has been detected in similar 
portions of the chromatogram but with somewhat less consistency in the early 
combined fractions. The appearance of ‘soagglutinin activity in the combined 
fractions immediately following the 0.832 M Na phosphate, pH 5.0 buffer has been 
one of the most constant findings throughout this study. Electrophoretically 
the protein of these late, active fractions has been a mixture of globulins with 
beta globulins being found most consistently, although gamma globulin was also 
demonstrable in the chromatogram of serum Br (Table I). 

The inferences that may be drawn from these studies are that the saline 
agglutinins are heterogeneous, that they are separable chromatographiecally, and 
that the segregated activities are different from each other electrophoretiecally. 
Further support of the idea of general antibody heterogeneity comes from a 
preliminary report of chromatographic studies involving a completely differ- 
ent chromatographie system using calcium phosphate (hydroxylapatite) as 
an adsorbent.’ One note of caution should be introduced with respect to in- 
terpreting chromatographic fractionation of a biologie activity as rigorous 
proof of the heterogeneous nature of that activity. ‘‘Double zoning’’ as dis- 
tinct from ‘‘tailing’’ has been pointed out by Boman” as a real source of error 
in interpreting chromatograms of protein mixtures. Additional bases are be- 
ing sought for establishing as real or artifactual the apparent physicochemical 
heterogeneity of the blood group antibodies indicated by the chromatographic 
studies. 

Reaction of the combined fractions with diphenylamine has shown ecarbo- 
hydrate to distribute throughout the various portions of the chromatogram. 
This broad distribution of carbohydrate is in agreement with the findings of 
Fahey and associates* who used the thymol-sulfurie acid method for detecting 
glycoprotein. Of particular interest in our own study is the location of the 
substance producing the violet color (absorption maximum, 530 my) with 
diphenylamine. In applying this reaction to serum samples of some 2,200 
patients with a variety of pathologie conditions, Waldo and Zipf'' found that 
individuals with leukoproliferative disorders gave the most intense color. 
They further claimed that in leukemia patients the color-producing substance 
increased in the serum throughout the course of the disease, irrespective of 
remission. More recently studies by Hess, Hahn, and Ayala’ have indicated 
that the substance producing the purple color may be sialie acid, a common 
substituent of glycoproteins. This material has now on several occasions been 
found in the portion of the chromatogram in which the alpha globulins are 
prominent. That it is found in several chromatographic peaks suggests that 
it is bound to more than one particular protein. 


The lipid staining studies have shown that the lipids are distributed through 


the mid-portion of the chromatogram and are absent from both the early and 


late fractions. From cholesterol determinations, Fahey® has again come to a 
conelusion with which our data are in substantial agreement. 
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Assay for proconvertin showed that an active material was eluted near the 
end of the chromatogram (Fig. 2). We have not at this point ruled out the 
possibility that the active substance may be thrombin which was detected by 
Sober and associates’ in a roughly comparable region of the chromatogram. 

Because of the known protein abnormality accompanying multiple myeloma, 
the sera of patients with this disease represent an interesting group for testing 
the potential of chromatography on DEAE-cellulose as a means of differentiat- 
ing normal and pathologie sera. In this regard we have successfully differen- 
tiated dissimilar myeloma proteins as seen in Figs. 4 and 5 (also see Results). 
These studies add weight to the concept that multiple myeloma, although elin- 
ically a single disease state, may be differentiated at the molecular level by the 
kind of protein abnormality that is produced. Aside from peaks containing 
the myeloma proteins, other protein peaks from the normal and pathologie sera 
of a given double column experiment correspond closely both from the stand- 
point of the position of the peak in the chromatogram and the amount of pro- 
tein which it contains. This close correspondence suggests a high degree of re- 
producibility for a given set of conditions. 

Although many authors have suggested that there are serum protein changes 
in leukemia which may be detected electrophoretically, there are none which ecom- 
pare in magnitude with those observed in multiple myeloma. The double column 
experiment with leukemie serum reported here (Fig. 2) shows rather close cor- 
respondence with the corresponding normal pattern. Other leukemic sera which 
we have studied also closely parallel the normal pattern. The one exceptional 
serum is that of patient Br; with the large protein peaks appearing at the end 
of the chromatogram it stands as completely atypical among sera thus far in- 
vestigated. Although Br had received no form of therapy at the time the serum 
was collected, most of the leukemia patients studied were under treatment. 
Whether this case is anomalous or whether there are protein abnormalities which 
occur in the natural history of acute leukemia that may be detected by this 


chromatographie method is being currently investigated. 


SUMMARY 


Glycine-sodium phosphate buffers have been examined for their efficacy in 
producing well-resolved chromatograms of serum proteins from columns of 
DEAE-cellulose. Gradient elution systems with small increments of increasing 
ionie strength and decreasing pH have produced chromatograms with the sharp- 
est and most symmetrie protein peaks. Saline agglutinating anti-A and anti-B 
have been found in two characteristic and well-resolved portions of the chromato- 
gram, providing additional evidence for the concept of isoagglutinin hetero- 
geneity. Although some generalizations are made, rather complex distributions 
have been observed for the classical electrophoretic components of serum. Lipid- 
containing fractions are distributed through the mid-portion of the chromato- 
gram. Carbohydrate-containing fractions are widely distributed; of interest is 


the identification of sialic acid in several protein peaks. Chromatographie char- 


acterization by a double column technique of sera of patients with acute leu- 
kemia and multiple myeloma is reported. Myeloma proteins (obtained from 
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two different patients) with dissimilar electrophoretie mobilities have been 


further differentiated chromatographically. Chromatograms obtained on leu- 
kemie sera have not differed greatly from those for normal sera except for an 
untreated case with a highly individual pattern. Serum protein changes arising 
from massive irradiation with Y(OH),-Y® of an acute leukemic patient (in 
preparation for a bone marrow transplant) are also reported. 
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IMMUNOELECTROPHORESIS IN PATIENTS WITH HYPERPARA- 
THY ROIDISM 


A. KomArxovA, M.D., ano J. Korinek 
PRAGUE, CZECHOSLOVAKIA 

MMUNOELECTROPHORESIS is a relatively new method of analysis.’ Its 

application in clinical practice is limited at present by the diffieulty of the 
method and the necessity of using valuable animal antisera as detecting agents. 
The antisera react with the greatest possible number of antigens in human sera 
and produce clear precipitation lines. In some diseases such as mutiple mye- 
loma,? acute polyarthritis,? and in maecroglobulinemia of Waldenstrém,* ° th 
method has yielded very valuable results. 

We wished to investigate the immunoelectrophoretic pattern of patients 
with hyperparathyroidism in order to ascertain whether changes in the proteir 
structure occur in this disease. Since immunoelectrophoresis is a very sensitive 
analytical method, we thought that it might reveal changes in protein structure 
which cannot be detected either by paper or moving boundary electrophoresis. 


SUBJECTS AND METHODS 
Immunoelectrophoric determinations were made on 5 patients with hyperparathyroidism. 
(4 women between 45 and 60 years of age and 1 man 43 years of age). All patients showed 
skeletal alterations typical of this disease and the diagnoses were also supported by biochemical 
examinations. All 5 patients were operated upon; 4 of them had adenomas of the parathyroid 
gland, and the fifth patient had hyperplasia of the parathyroid glands. In 3 of these patients, 
immunoelectrophoresis was carried out at intervals of 3 to 8 months following the operations 
Blood samples were taken from the patients while they were fasting and the serum 
was preserved with 100 units per milliliter of penicillin and streptomycin. Blood of healthy 


individuals of the same age group was collected simultaneously under the same conditions. 


Antisera. 1) Rabbit antiserum obtained by immunizing rabbits with serum from healthy 
human beings according to the method of Cleve, anti-N serum). 2) Rabbit antiserum 
obtained by immunization with mixed serum of 3 patients with hyperparathyroidism. anti 
R serum). The sera were preserved by means of Merthiolate 1: 10,000) and kept in the 
frozen state at -10° C, 


intigens.—Sera of 5 patients with hyperparathyroidism and sera of 5 healthy individuals. 


Method.—\mmunoelectrephoresis was carried out in 1.5 per cent Difeo ag 


gar gel on glass 


plates (18 by 5 em.) with a Veronal buffer at pH 8.6 (ionic strength 0.05), using the method 
of Williams and Grabar! and Wunderly.2 In the first case the serum examined was mixed 
with agar at 45° C. and then pipetted into a starting hole; in the second case the serum was 
diffused from the filter paper which was pressed to the surface of the agar plate. Each 
serum was examined in 2 concentrations: (1) the serum mixed with agar in a 1: 1 ratio and 


2) diluted 5 times. The rabbit antisera were used in a concentrated form. The results 


obtained from both methods were identical. 
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Institute of Hematology and Blood Transfusion in Prague 
Received for publication Aug. 25, 1958 
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RESULTS 
I. In all patients with hyperparathyroidism there is an additional line in the 
beta-l-globulin area which was absent in the control sera when anti-R sera are 
used (Figs. 1-4 

II. The anomalous line in the beta-1l-globulin area is also visible on testing 
with 3 anti-N sera, whereas one anti-N serum does not reveal any difference 

between the spectrum of the pathologie and the control sera. 
I1l. In each of the 3 patients suffering from adenoma of the parathyroid 


gland, the anomalous precipitation line was very marked; whereas in the patient 


with adenomatous hyverplasia of the parathyroid glands, it was barely visible. 
[V. After the operation for removal of the adenomas, the anomalous line 
in the sera of the patients could not be detected by any of the antisera used. 
V. The absorption experiments exelude the possibility of the presence of 
proteins with completely different antigenicity from that of normal serum 


proteins. 


B 


Fig. 1 1, Immunoelectrophoresis of the serum of one patient before the operation com- 
pared with the normal serum In the upper starting hole (O) is the serum of the patient with 
the adenoma of the parathyroid gland In the lower starting hole is the serum of a blood 
donor The rabbit anti-R serum is placed in the middle trough. 

B, Detail of the identical immunoelectrophoretic plate 
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DISCUSSION 
It can be coneluded from our experiments that the serum of patients with 
hyperparathyroidism contains a protein component which disappears after the 
removal of the parathyroid adenoma. The protein component has the same 


mobility as beta-l-globulin and the same, or nearly the same, antigenicity as 


some proteins present in normal serum under physiologic conditions. It is 
possible that one of the proteins of beta-1-globulin, present in normal serum in 
an amount insufficient to produce precipitation lines, multiplies, or that the 
beta-l-globulin is dissociated into 2 compounds of the same electrophoretic 
mobility but of different diffusion rates. In hyperparathyroidism not only the 


Fig. 2 1, Immunoelectrophoresis of the serum of the same patient after the operation 
compared with the normal serum In the upper starting hole (O) is the serum of the patient 
after the operation for removal of the adenoma of the parathyroid gland. In the lower start- 
ing hole is the serum of a blood donor. The rabbit anti-R serum is placed in the middle trough 

B, Detail of the identical immunoelectrophoretic plate 
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mineral component of the skeleton is attacked but also the organie part which 


consists mostly of collagen and glyeo-proteins. Bronsky and associates® stated 


that the total mucoprotein level in the serum of rats increased after the applica- 


tion of an injection of parathormone, but they did not detect any deviation 
in the serum mucoprotein level in hyperparathyroidism or hypoparathyroidism 
as compared with the control serum. Mucoproteins, however, appear in electro- 
phoretie examinations in the area of the alpha-globulins, whereas we observed 
deviations in that of the beta-globulins. 


Fig. 3.—Immunoelectrophoresis of the serum of the patient with adenoma of the para- 
thyroid gland on using antinormal rabbit serum. The upper starting hole contains the serum 
of the patient with adenoma of the parathyroid gland (serum mixed with agar 1:1). The 
lower starting hole contains the same serum mixed with agar 1:4. In the middle trough is 
rabbit anti-N serum 


Fig. 4.—Immunoelectrophoresis of the serum of a healthy individual on using antinormal 
rabbit serum The upper starting hole contains the serum of the healthy individual (serum 
mixed with agar 1:1). The lower starting hole contains the same serum mixed with agar 1:4. 
In the middle trough is rabbit anti-N serum. 

The question of whether the anomalous protein is parathormone itself must 
also be considered. In hyperparathyroidism the concentration of the parathor- 
mone is increased many times. It is possible that the parathormone as a 
polypeptide is bound to some serum protein which it might influence to such a 
degree as to change the electrophoretic mobility or the diffusion rate of the 
protein component. This is borne out by the fact that after removal of the 
adenoma the immunoelectrophoreogram reverts to normal. 





Volume 54 IMMUNOELECTROPHORESIS WITH HYPERPARATHYROIDISM 711 


Number 5 


SUMMARY 


1. In 5 patients with hyperparathyroidism, immunoelectrophoresis showed 
anomalies in the beta-1-globulin area of the serum as compared with normal sera. 


2. After operation of the adenoma the protein spectrum reverted to normal. 


3. The authors discuss whether the protein normally present in the serum 
could be influenced by the parathormone to such a degree that the protein is 
dissociated into 2 compounds with different diffusion rates. 
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EFFECTS OF AN ACUTE SALT LOAD IN A CASE OF PRIMARY 
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HE sodium retention and potassium exeretion capacity of aldosterone is well 

established, and accounts for most of the electrolyte abnormalities usually 
found in eases of primary hyperaldosteronism (PHA). It also has been pointed 
out that in essential hypertension the basal exeretion of sodium is increased,* ° 
and that under an acute salt load the hypertensive patient excretes a higher 
percentage of the sodium and water load injected, more rapidly than the normal 
subject. This effeet has been correlated with the increased arterial tension’: * ° 
and also has been found in eases of Cushing’s syndrome and hypertension.’ 

A salt load test performed in a case of PHA with marked hypertension 
might permit a comparison between the pressure factor, leading to increased 
Na and water exeretion, and the hormonal factor tending toward Na retention. 
The repetition of this test after surgical cure of the PHA, and comparison 
with the effect observed in essential hypertension before and after reduction of 
the elevated tension by drug treatment, may permit a comparative study of the 
influence of both syndromes on hydrosaline metabolism. 


The following report shows the result of a sodium loading test performed 


in a ease of PHA before and 9 months after surgical cure by removal of an 
adrenal adenoma, and its effect on water and electrolyte excretion, changes in 
plasma, red cells (erythrocytic mass) and extravascular volumes, and distribu- 
tion of retained Na. These results are compared with those observed with the 
same test in a control group of normal subjects, and a group with essential 
hypertension, and in some of the latter after reduction of their elevated tension 
with hypotensive drugs. 


MATERIALS AND METHODS 


The case of primary hyperaldosteronism of this experiment has been reported previ 
ously,’ and the principal features are summarized in Tables I and II. The findings in the 
control group and in patients with treated and untreated hypertension have also been re 
ported.® 
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EFFECTS OF ACUTE SALT LOAD 


TABLE I. 


PREOPERATIVE OBSERVATION 
JULY-AUGUST, 


DATA 
Episodes of muscular weakness + 
Occipital headache + 
Tetanic manifestations 
Polydipsia, polyuria, nicturia 
Diminished sweating 
Range of blood pressure 

Systolic 

Diastolic 
Cardiae enlargement 
Edema 
Hypertensive neuroretinopathy 
ECG signs of hypokalemia 
Intravenous pyelography 


CLINICAL DaTA ON PATIENT A. M. 


IN HYPERALDOSTERONISM 


(26-YEAR-OLD WoMAN) 





POSTOPERATIVE CONTROL 


1957 APRIL, 1958 


140-150 
80-90 


Normal 


II. LaBoRATORY FINDINGS 


DATA 
K (mEq./L.) 
Na (mEq./L. 
Serum Cl (mEq./L.) 
Serum Ca (mEq./L.) 
CO, combining power (mEq./L.) 
Blood pH 
Mean urinary volume (ml. 
Urinary density (maximum 


Serum 
Serum 


(Concentration 


Urine albumin 
Urine pH 
Urine NH, (mEq./24 hr.) 

U-P K ratio 

Urine 17-ketosteroids (mg./24 hr.) 
Urine 17-ketogenic corticoids (mg. 
Urine pregnanediol (U.U.L./24 hr.) 
Saliva Na-K ratio normal controls: 
B.M.R. (per cent 

Serum proteins electrophoretic curve 
Urea clearance (ml. 

Endogenous creatinine clearance (ml. 
PAH clearance (ml.) 

Blood count 
Blood sugar 
Sedimentation 


24 hr. 


0.65-0.86 


rate 


*Range of values in dete 
this 


values in 3 


rminations 


+Normal values Laboratory. 


tRange of 


for 
determinations. 


The loading test 


comparable sodium content. After an overnight 


means of an indwelling catheter, and this urine discarded. 


was withdrawn, the bladder 
was started, 500 ml. being injected in one hour. 


and the urine again collected. 


after which a third sample of blood was withdrawn. 


the end of 
the 


test, at 


the end of infusion, and then every half 


subjects remained in supine position until completion of 


$4 hours, including a control period of one hour before the injection. 


taken several times during the test. 


was performed while the 


urine collected, and an intravenous infusion of 


the infusion, and two hours after 


hour 


PREOPERATIVE 
OBSERVATION 


POSTOPERATIVE 
CONTROL 


2.000 
1,016 


1,070 
1,020 
test Spontaneous ) 
Traces 
6.1-8"* 
56-66 
16.8 
5.40-10,20+ 
6.8+ 
52.8t 
0.42-0.56 
9 
Normal 
76-104} 72 
120-144} 110 
690 
Normal 
Normal 
Normal 


5.3 
28 


7.6 


Normal 
Normal 
Normal 


subjects were maintained diet with 


fast, the urinary bladder was emptied by 


on a 


One hour later, a blood sample 
Natl 
Then another sample of blood was taken 


5 per cent 


The urine collection was repeated every half hour for 2 hours, 


Three samples of blood (before the 
the 


obtained. 


and 6 of urine (before test, at 
All 
the test which took a period of 


The blood 


for 2 hours) were thus 


pressure was 
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Urinary volumes were accurately measured. Sodium and potassium were determined by 


flame photometer and chloride by the method of Shales and Shales.1° The changes in plasma 
volume were measured by determining the plasma specific gravity and plasma protein con- 
centration by the copper sulfate method! and applying the formula devised by Rosen 
baum.12, 1 In our experience, this method has proved accurate when properly employed, 


especially to estimate acute changes in plasma or circulatory volumes. Total erythrocytic 


mass (red cell volume) was determined by the hematocrit value corrected in accordance with 
the ratio between values of peripheral and corporal blood!5 and by using the changes in the 
mean corpuscular hemoglobin concentration as an index of erythrocyte hydration.16 The 
changes in extravascular volume produced by the saline injection were determined by simple 
balance between the injected volume, the urine output during the experimental period, and 


the variations in plasma and erythrocytic votume. 

RESULTS 
and Cl 
in the 6 samples of urine collected during the test performed in patient A. M. 
before and 9 months after the operation. Total exeretion of water (1,340 ml. 
falls to 513 ml. after the operation, a volume similar 


Table III shows the urinary volumes and the exeretion of Na, K, 


during the 3 hour test 
Total Na exeretion falls one half, and Cl exeretion falls 
somewhat less than Na. 


to the one injected. 
Potassium exeretion, on the other hand, increases 
remarkably after the operation due to a greater concentration in the smaller 
urinary volume. The known increase of K exeretion produced by the hypertonic 
Na solution can be appreciated by comparison of the excretion in the control 
period of one hour previous to the injection (first line in Table III), with that 
obtained during the first hour of the test. 


Taste III. Urinary VoLUME AND Na, K, ANp Cl Excretion Durine SALtt Loapine TEsT 
PERFORMED BEFORE AND 9 MONTHS APTER THE OPERATION (500 ML. OF WATER AND 427 MEQ. 
or Na AND Cl 


URINE VOLUME (ML. Na (MEqQ.) K (MEgQ.) 
PRE- POST- PRE- POST- PRE- POST- PRE- POST- 
rIME* OPERA- OPERA OPERA OPERA OPERA- | OPERA- OPERA- OPERA- 
A.M.) TIVE TIVE TIVE TIVE TIVE TIVE TIVE TIVE 
7:30 


Cl (MEgQ.) 


§$:30 
9:30 
10:00 
10:30 
11:00 
11:30 
Total 
Per cent 
injected 


load 


*The 


157 
840 
155 
150 
128 


87 
1,340 


268 


infusion was 


42 


70 
83 


102.6 


administered from 8 


6.26 
36.19 
24.62 
17.05 
19.49 
24.36 


121.71 


56 28.5 


5.8t 
9.07 
1.9 
2.0 
2.0 
1.9 
16.87 


:30 until 9:30 a.m. 


tRange of values in normal and hypertensive subjects: 


2.84 
6.83 
4.09 
3.86 
4.60 
5.63 


25.01 


7.94 
41.28 
24.08 
18.52 
20.84 
25.12 


129.84 


29.2 


0.84 to 4.45 mEq. 


In Fig. 1, these results are compared with those obtained in normal subjects 
and patients with essential hypertension, in some of the latter after reduction 
of their elevated tension with hypotensive drugs. In this ease of primary 
hyperaldosteronism the hypertonic saline injection produced increases in water, 


sodium, and chloride exeretion similar to that observed in essential hypertension. 
When the test was repeated 9 months after the operation, the patient being 


apparently cured (see Tables I and II), the result obtained resembles that 


obtained in the group with reduced hypertension. 
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Fig. 
the injected 
Na and Cl. 
means of 


arterial 
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N and woter excretion 
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| 
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1 
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427mEeq 


Essentio! 

Hypert 
a 244 
77 136 


Normal 


LOAD IN HYPERALDOSTERONISM 


Reduced P Hyperaidosteronism AM 
Hypert Pre-Op vil 57 Post-Op iv 56 
16! 212 148 
97 120 88 


Water, sodium, and chloride excretion during 3 hours expressed in percentage of 
load. One hundred per cent represents 500 ml. of water and 427 mEq. of both 


Control group values are 


means of 6 cases; 


hypertensive group values are the 


cases; and the reduced hypertensive group values are the means of 3 cases. 
Blood pressures were recorded several 


mi. Urinory Volume 























times during the infusion of the salt load, and the 
values given are the average of each group 
cardiac enlargement but without heart or 
pressure was obtained with a 
dralazine 


In the hypertensive group were 6 patients with 


renal failure; in 3 of them a successful lowering of 
combination of reserpine, pentapyrrolidinium and hy- 
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Water and potassium excretion in the groups studied and in patient A. M. before and 
after the operation 
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Blood Specific 
Gravity 


1035 


1040 





Fig. 3—Nomograms of Van Slyke in cases with hypertension, reduced hypertension, and 
in patient A. M. (before and after surgery) determined before saline infusion. The area formed 
by the continuous line encloses values obtained in essential hypertension and in patient A. M 
dotted line circumscribes those of reduced hypertension and patient A. M 


preoperatively The 
of normal values Women have a lower blood 


postoperatively The brackets show the range 
specific density 
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Fig. 4 Plasma volumes in 3 hypertensive subjects before and during treatment and in 
patient A. M. before and 9 months after operation. Determinations were made on the blood 


sample secured before the saline infusion 
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Fig. 2 shows the total exeretion of urine and potassium in the groups 
studied and in patient A. M. in a test performed before and 9 months after 
surgical cure. With the decrease of the urinary output in the postoperative 
tests to a volume similar to the injected solution, the total K excretion increases 
from 16.8 to 25.01 mEq., and the mean K coneentration from 15 to 50 mEq. 
per liter. This is quantitatively different from the effect observed in patients 
with untreated and reduced hypertension. Before the operation potassium excre- 
tion is higher in the hypertensive subjects than in patient A. M., and the inerease 
brought about by the reduction of pressure is more marked in patient A. M. 


300 





AL 


ncvlev | 


RC 



































P =Plosmo 

RC = Red Cell 

E = Extrovasculor 
U = Urinory 

V = Volume 


























Essential Reduced AM AM 


Normal 
os Hypert. Hypert Pre-Op Post -Op 





Fig. 5.—Changes in plasma volume, total erythrocytic mass (red cells volume), and ex- 
travascular volume at the end of the test (3 hours after the beginning of the infusion). Varia- 
tions in plus or minus are represented above or below the zero line. Largest area reveals 
urinary volume during the same period 


Kig. 3, representing the nomograms of Van Slyke, shows the variations in 
water content of the plasma observed with the decrease of blood pressure. It 
is evident that the increased plasma density when the pressure is elevated and 
its subsequent reduction to normal are due to the increase of its water content 
with the lowering of blood tension. These variations in the water content of the 
plasma may explain the slight variations of plasma volume with the reduction 
of blood pressure depicted in the hypertensive subjects and patient A. M. 
(Fig. +). We must emphasize that this has been a constant finding in all 
hypertensive patients where a significant reduction of blood pressure has been 


obtained; its meaning is discussed in a previous paper.” 





ORTCZAR ET AL. J. Lab. & Clin. Med 

November, 1959 

The injection of the hypertonic saline solution also produces changes in 
plasma, red cells, and extravascular volumes, probably related to the increased 
urinary output and the action of osmoregulatory mechanisms. Fig. 5 shows 
these changes in the groups under study. In the normal controls, the injection 
of 500 ml. of 5 per cent NaCl produced a water loss of 620 ml. and an increase of 
100 ml. in plasma volume. The difference of 220 ml. with the injected water 
comes from the red cells and the extravascular compartment, with a loss of 50 and 
170 ml. of water, respectively. In the hypertensive patients, due to the large 
urinary volume, the dehydration is more pronounced as is also the water loss 
in the red cells and the extravascular compartment. In the subjects with reduced 
hypertension, the changes resemble those observed in the normal group. In 
patient A. M., the loss of extravascular water before the operation is larger 
than in the previous groups, due to the large urinary volume and a greater 


increase in plasma volume. 













































































Essential Reduced AM AM 
Hypert Hypert Pre-Op Post - Op 
€ = Eatravosculor B= Blood , U= Urine 


Normal 


Distribution of the injected sodium chloride in the urine, the blood, and extravascular 
compartment at the end of the test. 

Kig. 6 shows the distribution of injected Na in the urine, blood, and 
extravascular compartment expressed as per cent of the load. As it could be 
presumed by the amounts exereted, Na retention is greater in subjects with 
reduced hypertension and in patient A, M. after the operation. 


DISCUSSION 


In this ease of primary hyperaldosteronism, the hypertonic saline injection 


produced the same increase of water, sodium, and choloride excretion and the 
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same changes in plasma, red cells, and extravascular volumes that it brings 
about in essential hypertension. These effects seem to be also related to the 
elevated tension, since the reduction of pressure through the surgical cure of the 
ease brings about a response similar to that observed in essential hypertension 
when the blood pressure has been reduced with hypotensive drugs. 

Potassium excretion in the control period previous to the injection is 
naturally very high in patient A. M. before the operation, greater than in any 
other case in this period. The differences observed in potassium excretion with 
the loading test in patient A. M. before and after the operation and the hyper- 
tensive subjects before and after reduction of the elevated pressure could be 
explained if we assume that the well-known potassium excretion of hypertonic 
saline injection might be less marked in a potassium depleted organism, and this 
becomes evident when, 9 months after the operation, potassium stores have 
heen presumably normalized. 

Potassium concentration seems to be independent of the blood pressure and 
varies inversely with the urinary volume. The greatest concentration and 
larger exeretion are reached in patient A. M. after the operation, with a low 
pressure and the smallest urinary volume. This is an interesting finding, be 
cause as potassium is mainly of tubular origin, it indicates the glomerular origin 
of the changes that a saline load produces on water, sodium, and chloride ex 
cretion in essential hypertension that are not parallel to potassium excretion. 

The hypertonie dehydration produced by the saline injection is greater 
in eases with elevated blood pressure due to the greater exeretion of water 
than sodium as related to the injected load. This increased water exeretion 
in spite of piasma hyperosmolarity might be considered as a consequence of an 
increased glomerular filtration by the elevated tension. 

We believe that the diminished water content of the plasma in all the cases 
with high blood pressure which becomes normal when the pressure is reduced 
is also an argument in favor of a mechanic pressure faetor which, through 
variations in glomerular filtration, may be responsible for the effects produced 
in essential hypertensive subjects by an acute salt load. The increased pressure 
might increase, although slightly, the glomerular filtration rate with the establish- 
ment of a ‘‘new steady state’? in which more plasma water is exereted with 
greater concentration of the protein fraction. In laboratory animals it has 
been shown that this effect is mediated through glomerular ultrafiltration.'? 
The small variation necessary to account for this result is probably not always 
obvious by the clearance techniques employed in human beings. 


As a tentative conclusion from the preceding paragraphs, the decisive role 


of elevated pressure in the increased excretion of water, Na, and Cl produced by 
saline load in subjects with essential hypertension and in one case of PHA may be 
pointed out. Before this test, the patient with PHA did not show any appreci- 


able difference from essential hypertensive patients, and no hormonal factor 


of cortical type was apparently operative in the observed result. This finding 
is in agreement with that observed in DCA-indueced hypertensive rats, which 


excrete Na more rapidly than normal controls in spite of the sodium retention 
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effect of this hormone,'* and with the observation of Hollander and Judson’® 
who found that adrenalectomized hypertensive individuals conserve their in- 
creased capacity to excrete sodium when given an intravenous saline load. 

It must be pointed out also that the characteristies of K excretion, and the 
changes in water content of the plasma with the reduction of blood pressure, 
also indicate a mechanical pressure factor, acting probably upon glomerular 
filtration, which accounts for the increased excretion of water, sodium and 
chloride produced by a hypertonic saline injection in eases of essential hyper- 
tension and this ease of PHA. 


SUMMARY 


A study was made of the effects of the injection of hypertonic saline 
solution before and 9 months after surgical cure in a case of primary hyper- 
aldosteronism, and these effects were compared with those observed with the 
same test in normal subjects, and essential hypertensive patients and in some of 
the latter after reducing their elevated tension with drug treatment. The 
following conclusions were drawn. 

1. The response to the sodium loading test was the same in the case of 
primary hyperaldosteronism as in the cases of essential hypertension. 

2. After surgical eure of the patient with primary hyperaldosteronism, 
the response was similar to that obtained in eases of drug-reduced hypertension. 

3. The role of elevated arterial pressure is apparent, but the influence of a 
hormonal factor of cortieal type is not apparent in the hydrosaline variations 
produced by the sodium load in the patient with primary hyperaldosteronism 
and in eases of essential hypertension. 

4. The characteristics of potassium exeretion, as well as the changes 
in the water content of the plasma with the reduction of the elevated pressure, 
indicate that a mechanical pressure factor acting upon glomerular filtration, 


more than a hormonal factor of cortical type acting on tubular reabsorption, 


accounts for the increased excretion of water, sodium and chloride produced by 
a hypertonic saline injection in cases of essential hypertension and this case of 
primary hyperaldosteronism. 
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EFFECT OF ERYTHROPOIETIN ON THE MITOTIC RATE OF 
ERYTHROBLASTS IN BONE MARROW CULTURES 
Y. Matroru, M.D., ann Epxna Ben-Poratu( ARKIN), B.Sc. 
JERUSALEM, ISRAEL 


Witu THE TECHNICAL ASSISTANCE OF EpITH MENZER 


UMORAL control of erythropoiesis has been under active study in recent 
H years and the growing volume of literature on the subject has been exten- 
sively reviewed by Brecher and Stohlman.' The cireulating anoxic factor, in 
particular, has received mueh attention from several groups of investigators. 
This faetor, which mediates the anoxie stimulus to erythropoiesis, was originally 
named hématopoiétine by Carnot and Deflandre.*| The more specifie term 
erythropoietin® has now gained more general acceptance. 

In vivo techniques for the demonstration and estimation of erythropoietin 
activity are employed by most workers. Using an in vitro technique developed 
in this laboratory, we were able to show a significant increase in the proliferative 
activity of human bone marrow erythroid cells when grown with sera from 
patients with severe anemia or with eyanotie congenital heart disease with poly- 
eythemia.*. The in vitro approach offered an advantage because it allowed the 
direct study of changes in an isolated bone marrow cell population. The method 
as published, however, was too crude to be used for the quantitative assay of 
erythropoietin activity. 

In the seareh for a finer index of the proliferative activity of erythropoietic 
tissue in vitro, our method was modified by the incorporation of colchicine into 
the culture medium, as it was applied to bone marrow cultures by Astaldi and 
Mauri.”’" In the presence of colchicine, mitoses are arrested at prometaphase. 
As incubation continues, arrested mitoses accumulate in the culture, so that the 
number of mitoses found after a given period of ineubation is an expression 
of the number of cells which have entered mitosis during this period. 


The present report deals with the estimation of erythropoietin activity of 


anemie rabbit serum in bone marrow cultures containing colchicine. With this 
technique we have been able to confirm our previous results and make some 
additional observations on the mode of action of erythropoietin. 


MATERIAL AND METHODS 


The method deseribed in detail elsewheret was followed. Briefly, the method consists 
of incubating cell suspensions from bone marrow aspirates in homologous plasma clots. One- 
tenth milliliter aliquots of the washed bone marrow cells, suspended in Gey’s solution con- 
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Hebrew University-Hadassah Medical School, Jerusalem, Israel. 


This study was carried out with the aid of a grant from the Hematology Research Foun- 
dation, Chicago, Il. 
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taining thrombin, are blown onto a layer of plasma at the bottom of a series of culture tubes. 
A firm clot forms almost immediately. One milliliter of culture medium is then added, con 
sisting of 3 parts of a serum to be tested and 1 part of Gey’s solution. The cultures are 
then incubated at 37° C. in a roller apparatus. At the end of incubation, imprint smears 
are made from the intact pellicle of clotted plasma and stained with May-Griinwald-Giemsa 
for differential counts. 

In the present work, the original method was used with the following modifications: 
bone marrow, serum, and plasma were obtained from rabbits, colchicine, to a final concentration 
of 1:500,000, was added to the culture medium, and total nucleated cell counts were omitted. 

Rabbits were made anemic by bleeding, Thirty to forty milliliters of blood was with 
drawn daily. The animals were exsanguinated when the hemoglobin had reached a level of 
t to 5 Gm. per cent. Reticulocyte counts at this level of hemoglobin were 20 to 30 per cent.* 
Normal serum was obtained from rabbits whose hemoglobin level was above 11 Gm. per cent. 
Normal and anemic sera, respectively, were pooled and frozen. 

Bone marrow was obtained by aspiration from the tibiae and femurs of nonanemic 
animals, except when otherwise indicated. Care was taken not to aspirate quantities of ma 
terial of more than 0.5 ml. from each bone in order to minimize contamination with pe 
ripheral blood. Aspirates from more than one bone were sometimes pooled. Material was 
discarded unless it contained, after washings, at least 50,000 nucleated cells per eubie milli 
meter. 

One part by volume of bovine thrombin (Upjohn), diluted in Gey’s solution to 200 
units per milliliter, was added to 2 parts of the sedimented cells after the second washing. 

Imprint smears were prepared by carrying the clot in zigzag-fashion under slight pres 
sure over the slide. Smears prepared in this manner were found more suitable for counting. 
An alternative method, in which the cells were centrifuged and smeared following lysis of 
the clot with streptokinase, resulted in an uneven distribution of the cells, thereby introducing 
an error in counting. 

The number of mitotic figures per 1,000 mitotable erythroid cells (i.e., proerythroblasts, 
early and intermediate normoblasts) was determined. In each culture 2,000 to 3,000 cells 


were counted by at least 2 observers. 


hoe 
ie ~ ti 
Fig. 1 i, Erythroblast arrested at prometaphase by colchicine Pyknotic chromosomes 


scattered throughout cell B, Erythroblast in mitosis (right upper), polychromatic normoblast 
in interphase (left upper) and myelocyte in mitosis (center). 


RESULTS 


Mitotic figures were present in conspicuously large numbers in cultures 
over 5 hours old. They showed the morphological abnormalities typical of 
erythroid cells arrested in prometaphase by colchicine. The chromosomes 

*In rabbits made anemic by phenylhydrazine, reticulocyte counts were 80 to 90 per cent 
at analogous hemoglobin levels. However, incubation with sera obtained from rabbits pre- 


viously treated with phenylhydrazine resulted in a considerable decrease in the number of 
cells in cultures Because of this toxic effect the use of phenylhydrazine was discontinued. 
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TABLE I. Miroric Rate at VARIOUS DILUTIONS OF ANEMIC SERUM IN NORMAL SERUM 
INCUBATED FOR 10 Hours 
SERUM (PER CENT) 


ANEMK NORMAI MITOSES PER 1,000 CELLS 
100 0 303 —Ct«~«*‘ 


75 ‘ o7 


50 aT 214 


20 ‘ 178 
0 100 122 


appeared thickened and pyknotic, and stained deep blue with May-Griinwald- 
Giemsa. In older mitoses the chromosomes tended to be diffusely scattered 
throughout the cell or to fuse into amorphous chromatin masses. Because of 
their striking appearance, “colchicine mitoses” in erythroid cells can be dis- 
tinguished at first glance from cells in interphase as well as from mitoses in 
other types of cells (Fig. 1). 

The number of mitoses increased with the hours of incubation in a more 
or less linear fashion. In cultures with anemic serum this increase was more 
marked and more rapid. The difference between normal and anemic serum 
became apparent after 5 hours of incubation and was most marked between 9 
and 12 hours. 

Typical experiments, in which parallel cultures of the same bone marrow 
were set up with anemie and normal serum, are represented graphically in Fig. 
2. It will be seen that, although the same trend of an increased mitotic rate in 
anemic serum as compared with its normal control is reproduced in each experi- 
ment, the shape and slope of curves in individual experiments vary considerably. 

When serial dilutions of anemic serum in normal serum were made, it was 
observed that the number of mitoses decreased with increasing dilution (Table 
| 

Bone marrow was obtained from a rabbit whose hemoglobin level was 
reduced to 7 Gim. per cent by a single bleeding the previous day. The marrow, 
which showed a high degree of erythroid hyperplasia, was washed and incubated 
with normal and anemic serum. Following-the initial sampling at 5 hours, 
the mitotic rate was observed to rise rapidly, reaching maximum values of 400 
to 500 mitoses per 1,000 cells after 9 to 11 hours of ineubation with either 


anemie or normal serum (Table Il). Bone marrow from animals with varying 


levels of hemoglobin was incubated, after washing, with the same normal serum: 
it was found that for a given period of incubation the number of mitoses was 


higher, the lower the hemoglobin level of the marrow donor animal (Table IIT). 


TABLE II. Mrrotic RATE or BONE MARROW FROM ANEMIC ANIMAL INCUBATED WITH 
NORMAL AND ANEMIC SERUM 


MITOSES PER 1,000 CELLS 
INCUBATION (HOURS) NORMAL SERUM ANEMIC SERUM 
160 204 
387 394 
480 430 
$55 460 
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Fig. 2.—Parallel cultures of the same bone marrow with normal and anemic serum Abscissae 
incubation time in hours Ordinates: mitotic figures per 1,000 mitotable erythroid cells 
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TABLE III. Mrrotic Rate at VARYING LEVELS OF HEMOGLOBIN OF MARROW DONOR 
INCUBATED FOR 10 Hours In NORMAL SERUM 


MARROW DONOR 
(HGB., GM, PER CENT) MITOSES PER 1,000 CELLS 
10.8 316 
6.6 } 


35 
4.6 556 


Mitotic rates for marrow from anemie animals in normal serum (Tables II 
and III) were considerably higher than those found for normal bone marrow 
under similar conditions. They were at least as high as the highest rates 
obtained in eultures of normal bone marrow in anemic serum (Fig. 2). 


DISCUSSION 

Our data, in addition to providing further evidence for the presence of 
an erythropoietin in anemic serum, permit of certain conclusions regarding its 
mode of action. 

Erythropoietin is believed to act by stimulating erythroblasts in the bone 
marrow to increased mitotic activity. This mechanism of action has been in- 
ferred from observations concerning the effect of erythropoietin on the pe- 
ripheral blood. Criteria commonly used for the evaluation of such an effect 
are polycythemia, reticulocytosis, or an increased rate of incorporation of Fe°® 
into erythrocytes. Interpretation of these phenomena, however, does not neces- 
sarily exclude an alternative mode of action of erythropoietin, for example, 
acceleration of the rate of maturation or of the release of erythroid cells into 
the circulation. In our experiments the mitotic activity of an isolated popula- 
tion of erythroblasts was studied and found to be increased in the presence of 
anemic serum. This observation provides direct evidence for a mitosis-stimulat- 
ing effects of erxthropoietin at the bone marrow cellular level. 

The intimate contact and interaction between erythropoietin and bone 
marrow erythroid cells is further emphasized by the high mitotic rates obtained 
when washed bone marrow cells from anemic animals were incubated with 
normal serum. These high mitotic rates, comparable to the highest rates found 
on incubation of bone marrow from nonanemie animals with anemic serum, 
were in all likelihood due to the presence, in vivo, of erythropoietin within the 
cells of the anemic animal or closely attached to them. It would seem that eryth- 
ropoietin is taken up by erythroblasts and then exerts its mitosis-stimulating 
effect from within the cells. 

Bone marrow from anemic animals was hyperactive as a result of erythro- 
poietic stimulation in vivo. Transfer to the cultures of the in vivo stimulus 
rather than of mitoses actually present in vivo accounted for the high mitotie 
activity in vitro, since practically all mitotie figures found in the cultures had 
the typical appearance of pathological prometaphases arrested by colchicine. 
This was true for the entire period of incubation, from the initial sampling at 
®» hours throughout the subsequent hours of incubation during which the number 
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of mitoses increased threefold. With an estimated mitotic time of 45 minutes 
for human erythroid cells,’ all these mitoses must have occurred and arrested 
during incubation. 


Differences in the response of bone marrow from individual animals proba- 
bly account, at least in part, for the lack of complete uniformity in results. 
With the same bone marrow, a higher mitotic rate in the presence of anemic 


serum was constantly observed. However, using different ‘‘normal’’ bone mar- 
rows, it was not possible to construct a reproducible standard curve for erythro- 
poietin activity in relation to the hemoglobin level of the serum donor animal. 
As bone marrow had to be freshly obtained for each experiment, it remained 
the only component of the system which could not be standardized. 


SUMMARY 


Bone marrow cell suspensions obtained from rabbits were grown in homol- 
ogous plasma clots in the presence of serum from normal rabbits and from 
rabbits made anemic by bleeding. Colchicine was incorporated into the culture 
medium, and the number of mitoses arrested by colchicine and found in the 
culture at the end of incubation was used as an index of mitotie activity. 

The number of mitoses increased with the hours of ineubation. The in- 
crease was higher in cultures with anemie serum. 

The number of mitoses decreased with progressive dilution of anemie serum 
with normal serum. 


When bone marrow from an anemic animal was incubated with normal 
serum, high mitotic rates were obtained. These were comparable to the highest 
rates found on incubation of normal bone marrow with anemic serum. 

It is concluded that erythropoietin is present in erythroid cells. It acts 
by stimulating the cells to mitotie division. 
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INEFFICIENT HEPATIC EXTRACTION OF COLLOIDAL GOLD: 
RESULTING INACCURACIES IN DETERMINATION OF 
HEPATIC BLOOD FLOW 
M. R. Puayoust, M.B., B.S., M.R.A.C.P., J. McRag, M.B., B.S., M.R.A.C.P., AND 
R. W. Bopen, M.B., B.S., M.R.A.C.P. 

SYDNEY, AUSTRALIA 


pcan the deseription in 1944 by Warren and Brannon! of the tech- 
nique of hepatie vein catheterization, Bradley and associates? adopted this 
procedure to measure the hepatic extraction of Bromsulphalein (BSP). If the 
peripheral blood level of BSP is kept constant by continuous infusion, liver 
blood flow can be estimated by the Fick principle. The method has been ex- 
tensively discussed** and is certainly subject to error, principally due to imper- 
feet sampling of mixed venous hepatie blood and to extrasplanchnie removal of 


the dye. In the presence of gross liver disease, the hepatic BSP extraction may 


be too low for the method to be applicable, and the procedure is tedious, even 
for healthy patients. 

Intravenously injected colloidal particles of a size such that they do not 
cross the capillary barrier are removed by the reticuloendothelial cells lining the 
blood vessels, principally by the Kupffer cells of the liver and the reticular cells 
of the spleen.*'* Provided that the quantity of colloid injected is below a criti- 
cal amount, the rate of blood clearance of colloid, an exponential function of 
time, is constant and is independent of the size of the dose. In this cireum- 
stance extrasplanchnie uptake of the colloid is negligible, and the liver removes 
with high efficiency nearly all of the colloid present in the blood passing through 
it; hence the rate of colloid disappearance from the peripheral blood is essen- 
tially a parameter of hepatic blood flow. 

In 1953, Dobson and associates’ used the clearance of colloidal chromic 
phosphate (labeled with radiophosphorus) to measure liver blood flow; other 
workers have used colloidal radiogold'*'* and radioiodinated denatured serum 
albumin.'* '® Published results with these colloids have been consistent but tend 
to be slightly lower than those obtained with BSP, presumably because the ex- 
traction of the colloid is not complete in one passage through the liver. 

We have estimated the liver blood flow of 45 patients with colloidal gold 
because of its ready availability and its easy detection, if required, by external 
counting. Since the trend of results was considerably lower than expected, 
direct measurements of hepatie extraction were made, by the technique of hepatic 
vein catheterization. 
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METHODS 
Subjects.—The 10 normal subjects were hospital patients convalescing from illnesses not 
known to affect the liver. Serum alkaline phosphatase, thymol flocculation, zine sulfate tur 
bidity, and Bromsulphalein retention were normal in each case. Hepatic disease was estab 
lished by the usual clinical and laboratory methods, the diagnosis being confirmed by liver 
biopsy in most cases. Prior to any procedure, each subject had been at bed rest for at least 
12 hours and fasting for not less than 4 hours. 


Colloidal Gold (Au'98).—The gold colloid was obtained from the Radiochemical Centre, 
Amersham, England; this was also the source of the radiogold used by Vetter and co-work 
ers,15,16 Krook,17 and Riddell and associates.15 It was supplied as a gelatin stabilized 
suspension containing 5 to 15 wg per milliliter; the average particle size was determined on 
each batch, but it was stated that electron microscopy revealed that the majority lie between 
20 and 25 my, with a small percentage as small as 5 mp and as large as 60 mu. 

Determination of Hepatic Blood Flow by the Radiogold Method.—A Cournand arterial 
needle was inserted into the brachial artery and blood was withdrawn at 1, 2, 3, 5, 7, 12, 
and 18 minutes after the intravenous injection of about 15 we of radiogold (in our earlier 


experiments blood samples were collected up to 60 minutes). After hemolysis with saponin, 


the radioactivity of each sample was determined with a scintillation counter employing a 
thallium-activated sodium iodide crystal. 

When these results were plotted on semilogarithmic paper as a function of time, a 
multicomponent exponential curve was obtained, the initial portion of which approximated 
the straight line 

C, Ca 
where C, is the concentration at any time t, C, is the initial concentration, and k is a 
constant, termed the disappearance constant.® 

The disappearance constant can be related to the half-time of disappearance by the 

log. 2 , ; ; 
expression k ravA , and the estimated liver blood flow (EHBF) was obtained by 


multiplying the blood volume by k, the blood volume being assumed to equal 70 ml. per 
kilogram. 


In 1956, Dobson and his associates?° pointed out that the proper volume to use 
in this calculation is the extrasplanchnic blood volume and not the total blood volume, 
since the event which leads to the removal of a particle from possible detection in the 
peripheral blood occurs when the blood leaves the aorta destined for the liver, rather than 
when the particle is actually phagocytosed by a Kupffer cell. However, since in all other 
published results the total blood volume has been used, we have done the same. 

We were unable accurately to separate graphically the disappearance curve into a 
number of simple exponential curves. Therefore, like Dobson and associates!4 and Biozzi 
and co-workers,!®9 we drew the line of best fit through the earlier points on the graph, and 
used this line to calculate the half-time of disappearance. 

Like most other workers!3, 15, 16-19,21 we did not employ simultaneous Evans blue 
dye administration to eliminate errors due to slow mixing of the colloidal gold with the 
general circulation. In most patients, including those with liver disease, this correction is 
said to be negligible 22 


Measurement of Hepatic Radiogold Extraction.—Each of the 16 subjects studied in this 
manner was given 0.1 Gm. of pentobarbital 1 hour before the procedure. A Cournand 
arterial needle was placed in the brachial artery of one arm and, under fluoroscopic control, 
a cardiac catheter was inserted into the right hepatic vein via the medium cubital vein. 
Measurements of free and occluded hepatic vein pressure were taken using a strain gauge 
manometer connected to a Sanborn Cardiette recorder; in each case a convincing gradient 
was obtained. Throughout the experiment, the tip of the catheter was maintained in the 
center of the right hepatic lobe, its position being checked fluoroscopically at the con 
clusion of the observation. The catheter was kept patent with a very slow drip of isotonic 
saline containing 500 units of heparin in 500 ml. Prior to sampling from the hepatic vein, 


the catheter was cleared by withdrawing at least 5 ml. of blood and discarding it. 





TABLE I. ESTIMATED HeEPAtic BLOop FLOW: RESULTS OBTAINED WITH COLLOIDAL GOLD 








BLOOD | K | EHBF 
WEIGHT | VOLUME | t% (PER |(ML, PER 
DIAGNOSIS SEX| AGE (KG. ) (ML.) | (MIN.) | MIN.) | 
Patients Without Liver Disease 

Gastric ulcer J 32 65.5 4,600 . 0.12 
Diverticulosis ] 64 51.8 3,600 2.3 0.28 
Normal ] 34 65.9 4,600 3. 0.21 
Diabetes } 60 59.5 4,200 3. 0.19 
Nephritis I 31 76.4 5,300 § 0.14 
Bronchitis ) 49 59.8 4,200 . 0.13 
Postgast rectomy 

syndrome 37 44.4 3,100 4. 0.17 
Gastric erosions 2 30 51.0 3,600 2. 0.30 
Postgastrectomy 

syndrome . 16 48.2 3,400 3. 0.23 
Gastritis . 32 18.6 3,400 ! 0.16 


ients With Cirrhosis 
‘irrhosis } 40 69.0 4,800 3.5 0.11 
‘irrhosis ) 51 46.8 3,300 5.1° 0.14 
0.12 
‘irrhosis } 49 56.8 4,000 5.6 0.12 
0.14 
‘irrhosis ] 66.8 4,700 0.038 
‘irrhosis } 65.9 4,600 0.054 
‘irrhosis } 3 90.1 6,300 0.12 
‘irrhosis 5: 86.4 6,000 0.080 
‘irrhosis } 73.6 5,100 0.13 
‘irrhosis ) ‘ 76.4 5,300 0.14 
‘irrhosis ] 56 88.2 6,200 0.098 
‘irrhosis ) ¢ 69.2 4,800 0.082 
‘irrhosis ] 7 79.5 5,600 0.17 
‘irrhosis ] 3s 89.0 6,200 0.07 
‘irrhosis ] 68.6 4.800 0.24 
0.26 
0.14 
0.12 
0.12 
0.22 
0.27 
0.12 
0.11 
0.12 
0.38 
0.17 
0.051 
0.16 


“I or Ol @ 


» 
mt ie 


- * 


Hemochromatosis } 55 5.5 3,200 


tt pO bo 
“Im ~1¢ 


Hemochromatosis 56 50. 3,500 
Cirrhosis P ‘ 42.3 4,400 
Cirrhosis J : 53.6 4.400 


0. 
6. 


* 


_ 
ao 


‘irrhosis , 3s 53.5 3,700 
‘irrhosis ‘ ‘ 59.! 4,200 
‘irrhosis ; . 51. 3,600 
‘irrhosis a 56 $2.3 3,700 
‘irrhosis P ot 58.6 4,100 
‘irrhosis q j il. 4,300 
Cirrhosis 2 3a. 2,800 


tm Oo ee OI Or Po Se 
oe | 


wore @ 


Other Patients With Liver Dysfunction 
Extrahepatic portal 
hypertension M 32 66.8 4,600 ie 0.099 460 
Extrahepatic portal 
hypertension M 27 68.5 4,800 é 0.089 430 
Extrahepatic portal 
hypertension M é 46.4 3,200 3. 0.20 650 
Extrahepatic portal 
hypertension F ‘ 56.0 3,900 3S 0.11 430 
Hepatitis ] 2! 54.0 3,800 5.6 0.12 460 
Fatty liver } is 78.2 5,500 4* 0.16 880 
0.15 830 
Hepatitis 9 j 70.2 4,900 § 0.14 690 
Chlorpromazine 
jaundice J 48 66.8 4,700 4. 0.15 700 
4. OL. F. Cardiae failure F 36 50.0 3,500 4.2 0.16 560 
5. E. W.O M velofibrosis F 62 58.6 4,100 4.6 0.15 620 





Mean EHBF in 10 normal patients: 760 ml. per minute; standard deviation: 220 ml. per 
minute. Mean EHBF in 25 cirrhotic patients: 620 ml. per minute; standard deviation: 320 ml. per 
minute Mean EHBF in complete group of 45 patients: 650 ml. per minute; standard deviation: 
290 mil. per minute. 

*A small quantity of radiogold was used 

Procedure was repeated with a larger quantity of radiogold 
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Radiogold was injected intravenously and serial 5 ml. blood samples were taken into 
heparinized syringes from both the brachial artery and the hepatic vein, allowance being 
made for the delay in the appearance of the hepatic vein blood at the outer end of the 
catheter. The samples were taken at the same time intervals as in the experiments already 
described. 

The colloidal gold extraction by the liver was calculated as the difference between 
brachial artery and hepatic vein blood radioactivity expressed as a percentage of the 
former. 

In 5 subjects a second dose of radiogold was given after an interval of about 45 
minutes, and the procedure repeated. In these patients the first dose of colloid was be 


tween 3 and 20 wg and the second dose between 50 and 150 ug. 


Measurement of Hepatic BSP Extraction and Blood Flow. Bromsulphalein extraction 


was determined in 15 of the 16 patients submitted to hepatic vein catheterization. An in 
fusion of BSP in isotonic saline was given intravenously at a constant rate, and the extrac 
tions of BSP and colloidal gold were measured at approximately the same time and, in most 
cases, on the same blood samples. 

In 10 subjects EHBF was calculated from the observed extraction and the infusion rate 
according to the standard method.2 Only those cases were acceptable in which the BSP ex 
traction was greater than 10 per cent if the peripheral level was in excess of 1 mg. per cent, 
and greater than 15 per cent when the peripheral level was less than 1 mg. per cent. Allow 


ance was made for changing BSP levels in the peripheral blood, provided that the rate of 
change was not greater than 0.0002 mg. per milliliter per minute; for this caleulation plasma 


volume was assumed to be 40 ml. per kilogram. 


Plasma BSP concentrations were read in a Beckman spectrophotometer at 580 and 620 
my according to the method described by Gaebler.? 

Hematocrit determinations were made in duplicate on oxalated arterial blood spun in 
Wintrobe tubes at 3,000 r.p.m. for 30 minutes, and a correction factor (0.9) applied for 


whole body hematocrit and trapped plasma. 


TABLE II. Estimatep Hepatic BLoop FLow: RESULTS REPORTED FOR NORMAL INDIVIDUALS 
AND FOR CIRRHOTIC PATIENTS 


CIRRHOTIC 
REFER NORMAL SUBJECTS PATIENTS 

METHOD YEAR AUTHORS ENCE NUMBER FHBF NUMBER EHBF 
BSP 1947 Myers : 9 
BSP 1950 Sherlock et al. 32 
BSP 1952. Bradley et al. ‘ 91 BS 3$ 1,090 
BSP 1952 Wilkins et al. ‘ 21 
BSP 1953 Bradley et al. 2! 1,266 
BSP 1953 Shackman et al. 26 18 
BSP 1955 Edwards y 1,380 
BSP 1958 tedeker et al. 2 1,493 
Urea 1947 Myers 
Chromie phosphate 1953 Dobson et al. 1,600 
Chromic phosphate 1955 Nardi : 1,800 
Denatured albumin 1958 Biozzi et al. ¢ 5 1,060 j 600 
Gold 1954 Vetter et al. : 25 1,310 ‘ 525 
Gold 1956 Vetter et al. } 15° 770 
Gold 1956 Krook 30 731 3: 437 
Gold 1957 Riddell et al. 19 680+ 
Gold 1958 Fauvert et al. 2s 22 830} 460} 
Gold 1959 Present authors 10 760 620 


*This group includes some subjects with minor hepatic dysfunction. 
*This figure is the one calculated from the blood disappearance curves of gold colloid 
(see text) 


tThis figure is approximate, having been derived from the reported mean disappearance 
constant and an assumed mean blood volume 
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RESULTS 

Our mean result for hepatic blood flow in the whole group of 45 subjects 
was 650 ml. per minute. The figure for the normal subjects was 760 ml. per 
minute, and for the 25 cirrhotie patients 620 ml. per minute (Table I). 

By comparison, the widely accepted values obtained by Bradley and asso- 
ciates,’ using the BSP method, were 1,530 ml. per minute for normals and 
1,090 ml. per minute for a group of 39 cirrhotic patients. A summary of the 
results obtained by several groups of investigators using a number of methods 
is set out in Table IT. 


TABLE ILI. Hepatic EXTRACTION OF COLLOIDAL GOLD AND BSP, AND A COMPARISON OF THE DERIVED 
VALUES FoR EHBF 


MEAN | EHBF 
EARLY (Au) 
GOLD | MEAN BSP EHBF (COR EHBF 
EXTRAC-| EXTRAC- (Au)* |RECTED)t| (BSP) ¢ 
3 5 7 12 TION TION (ML, (ML. (ML. 
PATIENTS . | MIN. | MIN. | MIN. | MIN, (%) | (%) MIN.) MIN. ) MIN. 


HEPATIC COLLOIDAL GOLD 
EXTRACTION (%) 


Normal Subjects 
29 26 23 23 


79 58 65 


2 560 2,100 1,900 

70 970 1,400 1,300 

54 54 43 17 55 ‘ 1,100 2,000 2,300 
36 27 0 31 2 780 2.500 1,600 


Patients With Liver Disease 
32 14 31 530 1,700 1,200 
Sf 


l , 460 3,500 

18 10 2: ; 400 1,600 
27 y 7 480 2.400 
24 ; j 560 3,100 
34 7 10 950 3,400 
12 5 ( 15 440 2,300 
11 1,200 4,400 

t 1,200 3,100 

Negligible 530 6,600 

21 I 8 970 3,100 
30 5 1,200 3,000 
0 5 22 440 2,900 
13 j 14 Negligible 460 3,300 
18 13 460 3,500 
39 50 . S80 1,800 


2 63 2 300 
39 24 50 { ; 830 1,700 ad 


2,200 


*EHBF (Au) Estimated hepatic blood flow using the blood disappearance of colloidal gold 
EHBF (Au) . 

Mean early gold extraction 

TEHBF (BSP) Estimated hepatic blood flow using BSP 


fEHBF (Au) (Corrected) 


Hepatic Extraction of Colloidal Gold.—It was found that the extraction of 
vold by the liver varied greatly from subject to subject, but in no instance did 
it approach 109 per cent. 

The initial mean extraction, which corresponds to the early “straight line” 
portion of the disappearance curve, was 27, 70, 55, and 31 per cent in the 4 nor- 
mal patients, and varied between 8 and 50 per cent with a mean of 23 per cent, 
in the subjects with liver disease (Table III). 

In the latter group, no consistent correlation was found between the col- 
loidal gold extraction and the patient’s clinical state, biochemical findings, liver 
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pathology as determined from biopsy, or portal pressure (measured in every 


case by the hepatic vein wedged pressure). The extraction of Bromsulphalein 
was determined in all but one of the subjects; there was a general trend for low 
gold extractions to be associated with low BSP extractions. 


Correlation With Hepatic Blood Flow by BSP Method.—In 10 eases there 
were simultaneous estimates of hepatic blood flow using colloidal gold and BSP. 
For this to be possible the extraction of the BSP had to be adequate and its 
peripheral blood level constant (Table IV). In Subject R. S. the EHBF was 
determined with a high peripheral Bromsulphalein level, so the result may be 
too high. 

In Table III, determinations of EHBF using BSP have been compared with 
the results from colloidal gold after correcting each of the latter for the observed 
gold extraction. These results show fair correlation, the figures for gold in 5 of 
the 10 eases being somewhat higher than the BSP results. This comparison, of 
course, includes only those subjeets who did not have such severe hepatocellular 
damage that they were unable to extract BSP adequately. 


TABLE IV. ESTIMATED HEPATIC BLoop FLOW: RESULTS OBTAINED WITH 


PERIPHERAL BSP 
CONCENTRATION HEPATIC BSP HEMATOCRIT 
BSP INFLOW MG./100 ML. EXTRACTION CORRECTED EHBF 
MG./ MIN, ) PLASMA ) (% // (ML./MIN, 
4.30 0.67 : : 1,900 
4.97 .69 3s 1.300 
4.46 96 , : 2300 
2.80 : é 1,600 
. ; 3.95 1,200 
3. 3. 220 : » 200 
.J3.G, 2, 1.95 1,300 
3. M, 2.55 1.75 2 300 
. G. H. ye 0.96 2» 5 1,500 
R. H. A. } 0.86 1,300 
Eftect of Varying Quantities of Colloidal Gold.—In 5 subjects the extraction 
was determined a second time with a dose 7 to 10 times larger than the first. 
In two of these subjects the extraction was the same with both doses, while in the 
other 3 the extraction of the second (and larger) dose was more efficient (Table 


I). 
DISCUSSION 


The determination of liver blood flow from the rate of disappearance from 
the peripheral blood of intravenously injected colloid appeared to be a signifi- 
cant advance” since it rendered unnecessary the discomfort and difficulty of he- 
patie vein catheterization and was independent of the hazards of imperfect sam- 
pling. Being a simple and safe method, it could be repeated frequently in order 
to follow the progress of a patient. If an isotope with a gamma emitter is 
used,'® '* blood samples are not necessarily required because the disappearance 
constant can be determined from the external hepatic uptake, or from the de- 
crease in radioactivity over some other area in which the colloid is not aceumu- 
lating. 
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The studies with colloidal chromic phosphate,'* *' with denatured human 
19 


serum albumin,'® and the earlier work with colloidal gold’® all gave results com- 
parable to other methods (Table 11). The more recent results with colloidal 
gold have given cause for concern. Krook,!? in 1956, found the EHBF in 
normal subjects to be 731 + 154 ml. per minute, while in cirrhotic patients the 
mean figure was 437 ml. per minute; the second series of results published by 
Vetter and co-workers" showed a mean EHBF of 770 ml. per minute for a group 
of 15 subjects mostly without liver disease. Riddell and associates’ injected 
colloidal gold into a number of normal subjects, taking serial blood samples 
and counting externally over the thigh and over the liver. The disappearance 
constants caleulated from these 3 methods were similar (0.141, 0.138, and 0.161 
per minute, respectively), provided that the liver uptake curve was plotted in 
the usual way by subtracting serial counts over the liver from the residual con- 
stant hepatie radioactivity. Disappearance constants of this order give low 
values for liver blood flow, which are similar to our results and to those of 
Krook. However, Riddell’s group found that if, in these same experiments, 
they took tl4 to be the time required by the liver to accumulate half its final 
radioactivity, the value for k was 0.311, and for EHBF 1,582 ml. per minute. 
They recommended this latter procedure as the method of choice because the re- 
sults were of the same order as those obtained with BSP. 

We consider that this ealeulation is basically unsound since it depends on 
hepatic uptake before mixing of the colloid with the whole blood volume has 
taken place; the disappearance constant caleulated during this period (i.e., 0.1 to 
1.0 minutes after injection) is the rate of disappearance of the colloid, not from 
the whole blood volume, but from that restrieted portion of the blood volume 
with which the colloid has mixed at that time. 

The principles determining the application of colloid disappearance to 
hepatie blood flow have been discussed in detail elsewhere.” '**'* In brief, 
if a certain colloidal preparation is to be used to measure liver flow, two condi- 
tions must be fulfilled; first, extrahepatic uptake should be negligible and, sec- 
ond, hepatie extraction should be 100 per cent (i.e., the liver should remove, 
during a single passage of blood, all the colloid presented to it). Since the 
spleen is in series with the liver, removal of the colloid by the spleen has the 
same effect as hepatic removal. 

Gersh*” *' showed that colloidal calcium phosphate was selectively taken 
up by the liver and spleen in rats and dogs. Dobson and associates*? demon- 
strated similar results with colloidal zirconium compounds in mice, provided 
that the colloid particles were large enough. Jones and co-workers,** in. mice 
and dogs, and Dobson and Jones,® in dogs, rabbits, and mice, showed that be- 
tween 80 and 98 per cent of injected colloidal chromic phosphate was localized 
in the liver; the last-mentioned investigators used a particle size of about 1 


micron. Benacerraf and associates'* prepared I'*!-labeled denatured serum 


albumin and determined that in mice, rats, guinea pigs, and dogs, about 90 


per cent of a small dose was removed from the cireulation by the liver. 
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Colloidal gold has not been studied as extensively as have some of the other 
colloids. Zilversmit and associates** sacrificed 4 dogs about 2 hours after injec- 


tion of colloidal gold (prepared by their own technique) and showed that be- 
tween 84 and 89 per cent of the gold was localized in the liver and the spleen; 
the mean particle sizes used in these experiments were 10, 10, 20, and 27 mz 
in the 4 animals, respectively. More recently it was demonstrated that in 12 
dogs approximately 94 per cent of Aurocoloid (Abbott) was localized in the 
liver.*° 

Whereas the final localization of a colloid can be found by sacrificing an 
animal and measuring the radioactivity of its organs, the hepatie extraction is 
more difficult to determine. Dobson and Jones measured the colloidal chromic 
phosphate extraction directly in 2 anesthetized dogs by injecting the colloid into 
the portal vein and collecting all the hepatie venous blood; their results were 
80 and 81 per cent. The same workers injected chromic phosphate into the 
peripheral and the portal circulation of the rabbit and the mouse, and were able 
mathematically to caleulate the hepatic extraction by extrapolation of the dis- 
appearance curves. They obtained values of 85 and 90 per cent for two rabbits 
and 79 per cent for 37 mice. 

Removal of colloidal gold (Abbott radiogold) by the isolated dog liver has 
been studied by perfusion with fluid containing a constant concentration of gold 
colloid... It was found that the gold extraction tended to increase with the 
duration of the perfusion, the mean of the lowest extractions in 9 perfusion 
experiments being 82 per cent. 

Vetter and associates,'® when they introduced the radiogold method for the 
determination of liver blood flow in human beings, measured the extraction of 
the colloid in 3 subjects (one with and two without impaired liver cell function) 
using hepatic vein catheterization. The mean values they obtained over the 
first 5 minutes were 87, 78, and 71 per cent, respectively. These results are 
in striking contrast to ours which were obtained by the same technique, using 
colloidal gold from the same source (Radiochemical Centre, Amersham). 

The low extraction which we demonstrated in the 16 patients studied by 
hepatie vein catheterization provides a reason for some of the discrepancies 
between the calculated and the expected hepatic blood flow. If there is no extra- 
k x BY. 

E 
where E is the extraction and B.V. the blood volume. In 3 normal subjects 
and in 2 cirrhotic patients the corrected EHBF (Au) corresponds well with 
the values obtained with Bromsulphalein (Table III). In the other cases the 


splanchnic removal of the colloid then the true liver blood flow equals 


gold determination is far too high, a finding which can be explained only by 
extrasplanchnic removal of the colloid; this discrepancy appears to be most 
marked in patients with very severe liver disease. 

Basically there are two reasons why a given colloid may not be removed 
completely by the liver: either the quantity of colloid employed is too large and 
saturates the hepatic removal mechanism, or the particle size is unsuitable. 
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Dobson and Jones” showed that variation of the dose of chromie phosphate 
between 0.11 and 350 pg produced no detectable alteration in the efficiency of 
hepatic removal, but with 500 yg the clearance was halved. Halpern and his 
co-workers'’'* demonstrated that there was a critical dose of colloid below which 
the rate of removal was independent of the quantity injected, and above which 
the rate of disappearance was proportional to the administered dose. The criti- 
cal dose in the instance of denatured serum albumin in man is 3.9 mg. per kilo- 
gram. It is impossible to inject into man as much as the critical dose of chro- 
mium phosphate or colloidal gold because of their instability and the toxicity of 
the gold."* The amount used by all workers estimating hepatic blood flow 
appears to be well below that which would saturate the liver. Actually there is 
evidence that in some cases prior administration of colloid increases the efficiency 
of hepatic removal, as in the perfusion experiments of Little and Kelly.** Three 
of the 5 subjects to whom we gave a second and larger dose of colloidal gold 
about 45 minutes after an earlier administration appeared to handle the second 
dose more efficiently. Contrary to the above experiences, Vetter and associates 
found that in 3 patients the rate of disappearance of 1.5 mg. colloidal gold in- 
jected 1 hour after an earlier dose of 250 ug had been cleared from the blood 
stream was about 20 per cent slower than before. 

The relation of particle size to the rate of clearance from the blood stream 
and the site of localization has been studied by a number of workers. The more 
rapid disappearance of large particles and their selective uptake by the liver 
has been demonstrated for colloids of zirconium and yttrium compounds® and 
for colloidal gold** **; Zilversmit and associates** found a mean t!4 of 8.2 min- 
utes using a particle size of about 10 mp and a t!% of 2.1 minutes with a par- 
ticle size of about 47 mp. Vetter’s group’ state that the gold they were using 
had an average particle size of 25 my» with very little scatter around the mean, 
while Riddell and associates'* reported that they had checked by electron micros- 
copy the particle size of the gold from Amersham and that it was between 20 


and 25 mp» with a small percentage of particles as small as 0.5 mp or as large as 


60 mp. It is interesting to compare these sizes with the size of the chromic phos- 
phate particle used by Dobson and co-workers' which is between 1 and 2 x. 

It appears that the best explanation for the poor hepatic extraction of col- 
loidal gold demonstrated by us is that the particles are too small. It is difficult 
to reconcile our findings with those of Vetter and his colleagues without assum- 
ing that the effective particle size of the colloid from Amersham has altered 
since their initial work. A modification of the method of preparation could 
have altered either the diameter of the gold particle itself or the thickness of 
the surrounding gelatine coating; it is conceivable but unlikely that deterioration 
has occurred during air transport to Australia. 

We conclude that before any colloid is used to measure liver blood flow, its 
extraction by the liver should be measured directly both in health and in disease, 
even though this involves the tedious procedure of hepatie vein catheterization. 
It is possible for errors due to extrasplanchnic removal to balance a reduced 
hepatie extraction and, thus, for plausible results to be obtained in small series; 
only direet extraction measurements will avoid such errors. 
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SUMMARY 
1. Results of the measurement of hepatie blood flow with colloidal radio- 
gold in 45 subjects are presented. They are considerably below the values 
found by using other well-established methods. 
2. Hepatic vein catheterization in 16 subjects showed that the extraction of 
colloidal gold varied from patient to patient, the lowest being 8 per cent and 


the maximum 70 per cent. This low and ineonstant extraction renders invalid 


the direct determination of hepatie blood flow from the rate of disappearance 
of this colloid from the blood stream. 


» 


3. Evidence of extrasplanchnie removal of colloidal gold was obtained in 
some patients with severe liver disease. 

$4. There is no evidence that the low extraction of colloidal gold is due to 
overloading of the reticuloendothelial system of the liver. In 3 subjects a 
second dose of colloid was extracted more efficiently than a smaller dose given 
45 minutes previously. 

5. It is suggested that unsuitability of the colloidal gold used in these 
experiments is due, principally, to an effective particle size which is too small. 


We wish to thank Professor C. R. B. Blackburn, Professor of Medicine and Director 
of the Clinical Research Unit, Royal Prince Alfred Hospital, for his guidance and et 
couragement during this investigation, and also the Honorary Medical Officers who pet 
mitted these studies to be performed on patients under their care. The assistance of the 
Director and Staff of the Hallstrom Institute of Cardiology in making available its facili 


ties, and of Miss B. James for preparing the manuscript, is gratefully acknowledged. 
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PROTEIN, HEXOSE, AND HEXOSAMINE IN THE NONDIALYZABLE 
FRACTION OF THE FILTERED URINE IN 
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ECENT studies have provided elinical and experimental knowledge on 


v, 1 


protein-bound carbohydrate from cartilage,’ connective _ tissue,” 


bone,’* '* serum,” ' "25 4 and urine.® * * ® 1 1% 2% 42 While much work has 
been done on urine, there still is no standard procedure available for the frae- 
tionation of its several protein and carbohydrate components. 

The aim of this paper is to introduce a simple method for quantitative 
determination of some components of the nondialyzable fraction of filtered 


urine of normal men. 


MATERIALS AND METHODS 


Fifteen normal men, 22 to 29 years old, were studied. Twenty-four hour urine 
specimens were collected, stored at 0° C. without the addition of preservatives, and 
assayed as soon as possible after the end of the collection period. Completeness of col 
lection was checked through the 24-hour endogenous creatinine excretion.2° The urine 
was filtered on Schleicher-Schuell No. 595 filter paper and an aliquot was dialyzed for 
24 hours in cellophane tubing (“dialyzer membranes,” wall thickness 0.00072 inch) against 
tap water at 0° C. The contents of the dialysis bag were brought to a known volume 
with distilled water and used for chemical determinations. 

A scheme of the chemical fractionation procedure and the nomenclature of the 


fractions so obtained are given in Table I. 
Analytic Methods. 


Herose: The anthrone method of Seifter and associates?® was modified by the 
addition of 5 per cent borie acid to stabilize the anthrone reagent.: This method also 
detects hexuronic acid. Standards containing equimolecular amounts of galactose and 
mannose were run simultaneously with the unknowns. Readings were performed at 620 
mp. 

Hexosamine: Hexosamine was determined according to either the method of Shetlar 
and co-workers*! or that of Rondle and Morgan’7; the results of both techniques agreed 


satisfactorily. Standards of glucosamine were used, and readings were made at 540 ma. 


Protein: Protein was estimated by the method of Lowry and associates,24 using human 
serum albumin* for standardization readings being taken at 700 mg. Spectrophotometry 
was performed in a Coleman Junior apparatus. 


Experimental.—The following experiments were performed on normal urine and are 


reported together with a few comments on the different steps of the procedure. 
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Brazil. 
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NONDIALYZABLE FRACTION OF THE FILTERED URINE: CHEMICAL FRACTIONATION AND 
NOMENCLATURI 


ITUENTS AMOUN SEI CHEMICAL SEPARATION 
ASSAYED : TECHNIQUE 
Hexose 0.2 1.0 mi. of the N ; d rect determination 
Hexosamine prepared urine 


Irate bound to Hexose $.0-10.0 ml. of the 1 vol r 5% phosphotungstie 
Hexosamine prepared urine acid in 2 N HCl + 1 vol. of 

the prepared urine. ‘The 
Protein 2.0-3.0 ml. of the 


precipitate is assayed 
prepared urine 


Hexose 10.0-15.0 ml. of 2 vol. of 6% perchloric acid 
Hexosamine perel lorie filtrate + 1 vol. of the prepared 
urine. Filtration with 
Whatman No. 50 paper. 
Protein 3.0-6.0 ml. of the vol. of filtrate + 1 vol. of 
perchloric filtrate 5% phosphotungstie acid. 
rhe precipitate is used 
ileulation difference between total carbohvdrate and 
carbohydrate bound to protein 


‘aleulation By difference between earbohvdrate bound to 


protein and carbohydrate bound to protein 


soluble in percehlorie aeid 
Calculation By difference between total protein an 
soluble in perchlorie acid 


diluted to the proportion of 80/100 m 


When the urine was filtered, a component containing hexose and protein 

This component accounted for 15 to 20 per cent of the total urinary protein 

specimens studied) and had the following characteristies: it sedimented at 4,000 

vas soluble in 6 per cent perchloric acid and in 15 per cent trichloroacetic acid, did 
coagulate on heating to the boiling point after solution in distilled water, was precipi 


cent phosphotungstie acid in 2 N HCl, and contained protein and hexose in 


7.8 and no detectable inorganie phosphate. 


ul to be necessary because there are substances in the urine 


Ww ‘h interfere with the determinations of hexose and hexosamine by the methods used 


\fter dialysis the urine was kept in a freezer at —20° C. Freezing did not interfere wit] 


the results of the fractionation if the samples were thawed only once. No significant 


fT | 


Terence n the results were found when 9 urines were analyzed immediately after col 


rage for up to 5 months at -20° © 
bohydrate not bound to protein: The dialyzed filtered urine was precipitated with 
nt phosphotungstie acid in 2 N HCl and filtered with Whatman No, 50 filter paper 
centrifuged The supernatant was precipitated with ethyl aleohol 1:4 (vol./vol.). The 
resultant precipitate, a white powder when dried, was extremely soluble in water, giving posi 
tive reactions for hexose and hexosamine, was negative for protein, and showed metachromasia 
ith toluidine blue solution. The values obtained by difference were used for they were less 
to error 
Carhbohudrate bound to protein not soluble in ¢ per cent perchloric acid: This fraction 
determined in 12 cases in order to check the values obtained by difference. They were 
n close agreement. The mathematical derivation was used because of its simplicity. 
Reproducibility of the results after dialysis: On triplicate dialyses of the same urine 
an average value (milligrams per 24-hour volume) + standard deviation was found of 126.1 
+ 5.0 for total protein, 158.7 + 7.4 for total hexose, and 20.6 + 1.9 for hexose bound to pro 


tein. The range of results is within satisfactory variation (10 per cent 
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FRACTIONATION OF NONDIALYZA 


TABLE LI. 


EXPRESSED AS Ma. PER 
HEXOSE 
(15 CASES ) 
Total carbohydrate 
(178.75-368.5) 
Carbohydrate not bound to protein 249.5 + 49.7 
Carbohydrate bound to protein 


Total protein 


Carbohydrate bound to protein 
soluble in perchloric acid 


Protein soluble in perchloric acid 


Carbohydrate bound to protein not 
soluble in perchloric acid 


Protein not soluble in perchloric 
acid 
*Standard 
*+Range 


deviation 


Reproducibility of the determination of prote 
an average value (milligrams per 24-hour volume 


total protein, 224.2 + 6.04 for total hexose, and 23.4 


greatest variation obtained was 10 per cent. 


RESULTS 
The average, standard deviation, and 
are found in Table II. 


As it ean be 


24-Hour 


275.4 + 51.98" 
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CARBOHYDRATE CONTENT AS MEASURED BY ITS HEXOSE, HEXOSAMINE, AND PROTEIN 
FROM THE PREPARED URINE OF NORMAL MEN 


(22 To 29 


VOLUME 


YEARS OLD) 


HEXOSAMINE 
(14 CASES) 


PROTEIN 
(12 CASES) 


+ 5.69 


32.0 


126.3 
90.0 


12.1 2 &. 


6.6-17.6) 
+ 19.2 
130.4 


n and hexose: Six determinations 


of 


+ 0.74 for hexose bound to protein. 


gave 
+ standard deviation 158.7 + 8.4 for 


The 


range of normal urine fractions 


seen, the major carbohydrate component of the dialyzed 


filtered urine was not bound to protein and ranged from 87.4 to 93.5 per cent 


TABLE III. HeExoSE-HEXOSAMINE, PROTEIN-HEXOSE 


RATIOS IN THE PREPARED URINE FR 


HEXOSAMINE 
ACTIONS 10 


AND PROTEIN 
SUBJECTS 


HEXOSE 


PROTEIN -HEXOSH 


HEXOSE-HEXOSAMINI 


5.430* 
to pr tein 3.629-6.372 ) + 


Carbohydrate not bound 


Carbohydrate bound to 1.7957 


protein soluble in per ( 1.440-2.8038 
chlorie acid 

Protein soluble in per 
chlorie acid 


Carbohydrate bound to 
protein not soluble in 
perchloric acid 


0.7495 
0.44-1.123 


Protein not soluble 
perchloric acid 


*Standard deviation, 
+Range. 


HEXOSAMINE PROTEIN -HEXOSI 


4.160 
3.384-4.958 

3.038 
1.678-5.130 


7.399 
4.110-13.479 
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of the total carbohydrate (as hexose); the major protein component is the 
one soluble in 6 per cent perchloric acid corresponding to 68.9 + 7.8 per cent 
of the total protein. 

The study of the hexose-hexosamine ratio (Table III) disclosed signifi- 
cant differences (P=0.05)"* between the 3 fractions analyzed. The ratios 
were 0.4 to 1.1, 1.4 to 2.8, and 3.6 to 6.4, respectively, for carbohydrate bound 
to protein insoluble in perchloric acid, carbohydrate bound to protein soluble 
in perchlorie acid, and carbohydrate not bound to protein. On the other hand 
when the ratios of protein-hexose + hexosamine and protein-hexose were com- 
pared (Table IIL), no significant differences were found between the fractions 
soluble and insoluble in 6 per cent perchloric acid, but the first one gave less 
variable ratios 


DISCUSSION 


The present study pertains only to filtered urine subject to thorough 
dialysis, and excludes 2 other carbohydrate-containing components: (1) the 
one which is retained on the filter paper, and (2) the low molecular weight 
carbohydrate which probably is dialyzed out, as previously reported by Boas.° 

In the dialyzed filtered urine 3 components were studied. 


1. Carbohydrate Not Bound to Protein.—This is the major carbohydrate 
component of urine and has the following characteristics: (1) it does not 
precipitate with 5 per cent phosphotungstie acid in 2 N HCl, (2 
hexosamine ratio is 3.6 to 6.4, (3) it precipitates with absolute ethanol, and 
(4) it gives a positive test with toluidine blue.’ 


) its hexose- 


According to Meyer*’ * this component should be an acid mucopolysac- 
charide but it may also contain a neutral polysaccharide. Rigas and Heller,** 
using free electrophoresis, were the first to report the presence of a earbo- 
hydrate not bound to protein in dialyzed urine. This component had no 
mobility at pH 8.6, gave a positive reaction for carbohydrate, and was nega- 
tive for protein. By paper electrophoresis at pH 4.5, Markham and associ- 
ates®® found 2 fast-moving fractions, both of which were positive for earbo- 
hydrate, in addition to a slower-moving one containing tyrosine. In the 


dialyzed urine of normal men, Hamerman and Hateh'® found that a fraetion 


existed which contained hexose and hexosamine but which did not precipi- 


tate with phosphotungstie acid. A brown powder which was called ‘‘muco- 
protein B’’ by Anderson,’ obtained after benzoic acid adsorption and ethanol 
precipitation, gave positive tests for carbohydrate and negative for protein. 
The same component was studied by Kerby*' and DiFerranti'™ through its 
hexuronie acid content. 

2, Carbohydrate Bound to Protein Soluble in Perchloric Acid.—As ean be 
seen from the classification of Meyer*’ ** and Morgan,** this component can- 
not be called a glycoprotein for it contains more than 4 per cent hexosamine ; 
we do not know whether it belongs to the mucoprotein or mucoid groups. 
Beckman and associates® in normal urine and Popenoe*® in eases of nephrotic 


syndrome found a component with the same chemical characteristies of this 





Vehume S$ FRACTIONATION OF NONDIALYZABLE COMPONENTS OF URINE 
umber 5 


fraction. The component studied by Popenoe behaved immunochemically 


and electrophoretically as mucoprotein-1 (Mp-1); its molecular weight was 
44,000. The author asserts that this component is different from Tamm and 
Horsfall’s*® mucoprotein. Working with serum and urine, Markham and 
associates,*” by paper electrophoresis at pH 4.5, found two fractions (M, and 
M.) with a lower isoelectric point than albumin which corresponded to alpha-1 
and alpha-2 globulin fractions studied at pH 8.6. This work confirmed the 
findings of Laurell** of a great heterogeneity of these fractions. 

3. Carbohydrate Bound to Protein Insoluble in 6 Per Cent Perchloric 
Acid.—We could not find, in the literature, any previous reference to this 
component. Rigas and Heller** and MeGarry and associates*’ suggest that 
albumin, and beta and gamma globulins may belong to this fraction. It is 
doubtful whether the alpha globulin, from the perehlorie acid soluble frae- 
tion, contributes to this component. In accordance with King and associates** 
the protein moiety constitutes 47 per cent of the total nondialyzable solids 
in the human urine. The total protein exeretion in our cases, ineluding that 
fraction retained on filter paper, was only slightly lower than that obtained 
by King. 

The nomenclature and definition of the above-reviewed components can- 
not be established until more is known about their chemical characterization, 
biologie identification, and origin. As to the latter there are three hypotheses: 

A, Urinary tract origin: Boyee and Garvey'® believe that the ‘*muco- 
polysaecharide of urinary caleuli may derive from connective tissue and 
epithelia of the urinary tract. The mucoprotein would arise from transitional 
epithelium but would be different from the normal secretory product of these 


cells.’’ 


B. Serum origin: MeGarry and associates** believe that the urinary albu- 
min originates from serum. The fact that alpha-1 acid glycoprotein from 
urine is similar to that of serum has been confirmed by Popenoe** and Rigas 
and Heller*® who obtained electrophoretically almost the same pattern (albu- 
min, alpha, beta, and gamma globulins) from normal serum and urine. 


C. Serum origin after metabolization by tubular epithelium: Sellers** be- 
lieves that serum proteins are to some extent filtered, reabsorbed, and catabo- 
lized by tubular cells. Through this mechanism, polypeptides and amino 
acids would be retained. It eannot be excluded that after filtration through 
the glomeruli, the glycoprotein would be dissociated into carbohydrate and 
protein by the activity of the tubules. The first moiety would be exereted 
and the second one reabsorbed. The positivity to the histochemical PAS 
reaction of the droplets found in the renal cells of human beings and experi- 
mental animals has been stressed by Oliver and co-workers.** These authors 
also suggest that this PAS reaction could be due to filtered and reabsorbed 
glycoproteins from blood plasma. 

Physiologic and pathologie conditions are being studied in this labora- 


tory aimed at achieving a better characterization of these fractions. 
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SUMMARY 


A simple method for fractionation of dialyzed filtered urine is presented ; 
two fractions were not studied, namely, the one retained on the filter paper 
and the one which is supposed to be dialyzed out. 


Three main fractions were obtained from the nondialyzable material: 


1. A carbohydrate not bound to protein which is tentatively identified 
as a mucopolysaecharide. 

2. A carbohydrate bound to protein, soluble in 6 per cent perchloric acid, 
and precipitated by 5 per cent phosphotungstie acid in 2 N hydrochlorie acid. 
This component is probably a mucoid or a mueoprotein. 

3. Protein and earbohydrate bound to protein, insoluble in 6 per cent 
perchloric acid. This fraction would correspond to albumin and beta and 
gamma globulins. 


The 3 fractions have been determined in the urine of 15 normal men, 


22 to 29 years old. 
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A NEW PARALLEL TUBE CONTINUOUS HEMODIALYZER 
SHERMAN Kuprer, M.D., AND STEPHEN S. RoseENAK, M.D. 
New York, N. Y. 

OLLOWING the first clinieally successful hemodialysis unit constructed 

by Kolff and Berk,' a number of units of varying designs have been re- 
ported.2* All of these presently available artificial kidneys can be divided 
into twe groups both of which are sufficiently efficient in terms of dialyzing 
capabilities. One group exemplified by the rotating drum unit (Kolff-Brigham ) 
acts only as a dialyzer because of the low hydrostatic pressure within the 
cellulose tubing. This unit has the major disadvantages of requiring assembling 
and sterilization immediately prior to use and a relatively labile extracorporeal 
blood volume. Furthermore, any reduction of extracellular fluid volume, when 
desired, can only be achieved by the use of hyperosmolar dialyzing solutions. 
In the second variety, exemplified by the Kolff twin coil kidney, the Skeggs- 
Leonard unit, the Alwall unit, and others, the dialyzing membrane is supported 
and compressed within sereens, grids, corrugated pads, or trays. This ex- 
ternal compression necessitates a considerable increase in the hydrostatic 
pressure to propel the blood through the unit with a proportionate increase in 
damage to the cellular elements of the blood, possible rupture of the membrane, 


and a considerable loss of plasma water via ultrafiltration Which may not 


he warranted and which must be replaced. These supports or containers 
also restrict the continuous clear observation of all the extracorporeal blood 
channels, 

It has been our aim, therefore, to develop a safe, relatively transparent, 
disposable hemodialyzing unit which will operate efficiently either with or with- 
out significant ultrafiltration. The unit must also contain a reasonably limited 
extracorporeal blood volume whieh changes relatively little over a wide 
range of in vivo conditions. In addition to these characteristies, the ideal 
clinieal unit should incorporate the following desirable features: (1) easy 
sterilization, (2) unit can be tested for leaks prior to priming with blood, 
(3) rapid exelusion and replacement of defective membrane without interruption 
of dialysis, (4) surface area adaptable to needs, (5) reasonable compactness and 
ease in assembly, (6) relatively inexpensive, (7) ‘‘long term’’ shelf life. 

This report describes our experimental results with a newly designed 
hemodialyzer which presently incorporates, to a greater or lesser degree, 
most of the above features. The unit consists of parallel lengths of Visking 
cellulose tubing which are internally supported by inert plastie rods, the total 

From the Departments of Medicine and Urology, Mount Sinai Hospital, New York, N. Y 

Supported by the Office of the Surgecn General, U. S. Army Contract No, DA 49-007 MD- 

Received for publication April 6, 1959 


746 





oe 54 A NEW PARALLEL TUBE CONTINUOUS HEMODIALYZER 747 


number depending on the desired membrane surface area. In the following 
experiments, the entire unit consisted of 16 such components, with a membrane 
surtace area of 1.0 M.?. 

METHODS 


Details of Design.—In order to avoid the problems associated with external supports, 
and yet not decrease the surface area to volume ratio, space-filling rods of an inert ma 
terial were inserted into cellulose tubing (Visking 27/32 inch, outside diameter 0.001 inch 
thickness). These inserts were made from a 36 inch extruded methyl methacrylate 
(Lucite, Plexiglas) rod with an original outside diameter of %& inch. These were center 


less grcund to a relatively uniform outside diameter of 0.826 + 0.002 inch (Fig. 1). 


Rod threaded with cellulose tubing. A 0 silk ligature seal B Cellulose tubing 
, Nozzle with inside Luer taper D Blood channel 


Appropriate lengths of cellulose tubing were washed free of plasticizer and then 
inflated with air to 160 to 180 mm. Hg in order to detect leaks. With the aid of some 
air pressure to distend the tubing, the satisfactory lengths of tubing were threaded over 
each rod. The ends were sealed with 6 winds of zero silk (Fig. 1). Each component was 
again tested for leaks by inflation to 150 mm. Hg. The residual space between the cellulose 
tubing and the rod was calculated to be about 0.5 mm. (vide infra) 

The 16 components were mounted horizontally in a large transparent tank (Fig. 2, 4) 
with inside measurements of 47 by 14 by 9 inches and a capacity of 90 liters. The 


ends of each component were appropriately connected to the arterial (Fig. 2, ) or venous 


manifold (Fig. 2, C) or to each other, by a standard male Luer nylon fitting* attached to non 
toxic polyvinyl chloride tubing. The arrangement of the 16 components in 8 parallel 


channels permitted the removal and replacement of any component from the unit after 


clamping off the plastic tubing at each end. 


*The male Luer nylon fittings were generously supplied by the Abbott Laboratories, 
Chicago, Ill. 
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The mounting racks (Fig. 2, D) were freely movable in a vertical track (Fig. 2, £). 
One of the racks was suspended from a cam (Fig. 2, F) with a 1 inch vertical displacement. 
This cam was activated by a variable speed 1/18 horsepower motor at 100 to 120 r.p.m. 
Dialyzing solution, 220 to 260 L., was recirculated at 30 L. per minute by a centrifugal 
pump between a standard 55 gallon stainless steel drum and the large tank. In order to 
maintain the bath solution at 38° C., the drum was fitted with a thermostatically controlled 
Whereas tap water served as the dialyzing solution for the in vitro studies, 
balanced electrolyte solution was used 


heater. a 
for the dog experiments. This solution contained 
sodium 135 mEq./L., potassium 3 mEq./L., bicarbonate 35 mEq./L., chloride 105 mEq./L., 
and calcium 3 to 5 mEq./L. A Beckman Zeromatic pH meter with appropriate electrodes 
continuously monitored the pH of the solution which was maintained at 7.35 to 


7.55 by 
adding sufficient lactic acid and gaseous CO,,. 





Fig. 2 Assembled unit with 1.0 M. surface area A Tank: inside measurements 
17 by 14 by 9 inches, capacity 90 L. B Arterial manifold. C Venous manifold D 
Mounting rack I Vertical track F Eccentric cam with suspension 


Chemical Methods.—The urea concentration was determined by a modification of the 


urease method of Van Slyke-Cullen.9 The concentration of creatinine in aqueous solution 
as used in the in vitro studies was determined directly, or if necessary after appropriate 
dilution, by the alkaline picrate colorimetric technique as outlined by Brod and Sirota.'° 


RESULTS 
In Vitro.—Kight satisfactory in vitro experiments were performed utilizing 
a well-mixed 10 or 20 L. of an aqueous urea or urea-creatinine solution with an 
initial concentration of 240 to 260 mg. per cent urea nitrogen and 11 to 13 mg. 
per cent creatinine. This solution was recireulated through the unit. Mean 


inflow traet pressures were measured continuously by either a damped mereury 
or a calibrated aneroid manometer. 


Periodically, a small aliquot was withdrawn 
from the inflow tract for chemical analysis. Shortly thereafter, the delay de- 
pending upon the rate of flow through the apparatus, a timed collection of the 
entire outflow was measured in a volumetric evlinder. A small portion of this 
efflux was utilized for chemical analysis while the rest was returned to the source. 
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Twenty-four determinations of the extraction fraction for urea nitrogen 
and creatinine at various flow rates were performed in which the unit was not 
agitated by the motor cam suspension. Thirty-two determinations were similarly 
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‘ Fig. 3 The results in one experiment demonstrating the improvement in the extraction 
fraction for urea and creatinine with agitation Flow through the unit was kept relatively 
constant as indicated by the numbers within the parentheses 
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Fig. 4 The relationship between urea dialysance and blood flow 





made in which agitation was utilized. In the former series of observations, these 
values ranged from 0.77 to 0.22 for urea nitrogen and 0.42 to 0.17 for creatinine 
at flow rates of 44 to 376 ml. per minute. The tank concentrations ranged from 0 
to 10 mg. per cent urea nitrogen and 0 to 0.6 mg. per cent creatinine. With 
agitation, the extraction fraction varied from 0.92 to 0.30 for urea nitrogen and 
0.80 to 0.24 for creatinine at flow rates of 44 to 420 ml. per minute. In this 
series tank concentrations for urea nitrogen and creatinine ranged from 0 to 
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15 mg. per cent and 0 to 0.70 mg. per cent, respectively. The results in one 
experiment showing the increased extraction with agitation while the flow rate 
remained constant are plotted in Fig. 3. The cause for this variability was 
thought to be due, when agitation was not employed, to failure in efficient utiliza- 
tion of the available surface area either as a result of “channelling” within the 
internal cireuit, or inadequate cireulation and mixing of the dialyzing fluid. 
The former possibility was considered the more probable and was supported by 
direct visualization of channelling following the injection of methylene blue 
dye into the arterial manifold. This channelling was not observed in the agi- 


tated series 
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Fig. 5.—The results in one experiment demonstrating the relationships between volume, 
rate of ultrafiltration (U.F.) and urea dialysance (Dv), and pressure. The volume of the 
unit was determined at several points both by the dye dilution technique utilizing aqueous 
solution of hemoglobin, and by the uptake in volume of the unit from a volumetric cylinder 
The rate of ultrafiltration was measured by determining the rate of loss from the volumetric 
cylinder during several consecutive 10- to 30-minute intervals No solute was present in the 
circulating fluid during these observations. Urea dialysance was measured at the various 
pressures during relatively constant flows as indicated by the number above each result. 


Dialvsance as defined by Wolf and associates'' was caleulated by multiply- 
ing the rate of flow through the unit by the ratio of the differences in concen- 
tration, between the inflow and outflow, and the inflow and bath solutions. The 
results for urea are plotted in Fig. 4. Dialysance is clearly flow limited at low 
flows, whereas there is little increase beyond 350 ml. per minute due to the re- 
striction imparted by the membrane diffusing capacity. 
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Six experiments were performed in an attempt to measure both the volume 
of the unit and the rate of ultrafiltration under various conditions of pressure 
and flow. The pressure was altered by either increasing or decreasing the degree 
of constriction of the outflow tract, while the flow was controlled by means of 
a pump. A known quantity of water was pumped from a volumetric cylinder 
into the unit until it was filled, the efflux then being returned: to the source. 
Consequently, any abrupt change in the volume within the eylinder could be 
inversely equated to the rapid alteration in the volume of the unit which fol- 
lowed any instantaneous variation in pressure from 0 to 120 mm. Hg and/or 
flow from 50 to 400 ml. per minute. Following this rapid change, and while 
pressure and flow were kept constant, any further continuous loss of fluid from 
the volumetric cylinder was attributed to ultrafiltration. The rate of this loss 
was measured over several consecutive periods of 10 to 30 minutes’ duration. 
The volume of the entire system was checked at several different pressure levels 
by the dye dilution technique utilizing hemoglobin in aqueous solution as the 
indicator. The hemoglobin concentration was determined spectrophotometri- 
cally at 550 mp. The dynamie volume of the unit, including the tubing and 
manifolds, was caleulated to be the difference between the total volume of the 
system as determined by the degree of dye solution and the volume within the 
volumetric evlinder. 

The data obtained in one representative experiment relating volume to 
pressure are plotted in Fig. 5. In 3 experiments the minimum volume that 
was required to fill the unit after the cellulose tubing had been allowed to 


‘*damp dry’’ was 480 to 550 ml. This range was similar to the ordinate intercept 


obtained by extrapolating the volume/pressure curve to 0 mm. Hg. In Fig. 
5, it can be seen that the increment in volume approximated 8 ml. for each 
millimeter of mereury increase in outflow tract pressure. The range in the 
other experiments was from 7.9 to 8.8 ml. per mm. Hg. The extent of the gain in 
the volume over the pressure range of 0 to 120 mm. Hg amounted to 950 to 1,050 
ml. From these data, the width of the ‘‘blood channel,’’ that is, the residual 
space between the rod and the membrane, was caleulated to vary from 0.5 
to 1.7 mm. 

The data correlating the rate of ultrafiltration to pressure in the same experi- 
ment as mentioned previously are also illustrated in Fig. 5. The results from all 
the experiments have been listed in Table I, and demonstrate again the expected 
direct relationship between these factors. In none of these experiments was 
the rate of ultrafiltration measured in the presence of significant concentrations 
of solute. In view of this, the actual rate of ultrafiltration could be expected 
to be less than that indicated for any given hydrostatic pressure when signifi 
cant unbalanced osmotic forces were present. 

The influence of variations in flow rates between 50 to 400 ml. per minute 
on the volume within the unit and the rate of ultrafiltration were also studied. 
Such alterations in flow rates when the outflow was uneconstricted were ac 
companied by outflow tract pressures of less than 20 mm. He. Under these 
circumstances, the variation in the volume of the unit did not exeeed 35 ml. 
for each 100 ml. per minute change in flow rate. The rate of ultrafiltration 
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ranged from 0 to 0.7 ml. per minute. However, when the outflow tract was so 
constricted that a 20 mm. Hg pressure gradient was established at the minimum 
flow rate, instantaneous changes thereafter in the flow rate induced proportion 
ate pressure alterations within the outflow tract. The variations in the volume 
of the unit were similar to those induced when equivalent pressures were 
estabilshed by graded constriction of the outflow tract while the flow rate was 
constantly maintained. Similarly, no ehanges in the volume of the unit were 
observed when, following a change in flow rate, the degree of constriction of the 
outflow tract was readjusted to maintain a constant pressure within the out 
flow tract 

In 4 experiments the pressure within the unit was varied while dialysance 
measurements were being made. In the experiment illustrated in Fig. 5, 
these observations followed the above-mentioned studies. No attempt has 
been made to assess the effect of the osmotie activity of the solute on the rate 
of ultrafiltration. In this experiment, however, the agitation rate was main 
tained at 136 to 140 per minute between 0 to 30 mm. Hg. Above this pressure, 
the rate of agitation was reduced to 100 per minute. Under these circumstances, 
variations in pressure had no discernible effeet on urea dialysanee. In the 3 
other experiments, however, agitation was initially adjusted to 100 to 120 
per minute and thereafter so maintained. Increases in dialysance amounted to 
$4 per cent, 6.3 per cent, and 9.4 per cent as the pressure inereased from 
0 to 30 mm. He. An additional increase in dialysanece of 2.3 per cent, 7.0 
per cent, and 7.8 per cent was observed when the pressure was further raised 
to 120 mm. Hg. A portion of this inerease in dialvsanee may be accounted 
for by the increased rate of ultrafiltration. The pessible significant role of 
increased diffusion, associated with more turbulence and better mixing within 
the internal cireuit, resulting from either the faster rate of agitation or more 
effective agitation as the membrane was distended, cannot be excluded. 

In Vivo.—Seven experiments were performed on 6 dogs. In 5 of thes 
animals, both ureters were ligated several days prior to hemodialysis. A spon- 
taneous iInerease in the plasma urea nitrogen and creatinine concentrations 
ensued, the levels reaching to about 150 and 11 mg. per cent, respectively. 
Additional urea and creatinine were administered parenterally to 4 animals, 
1, 1144, 6, and 18 hours (Experiments 4, 5, 6, and 7) prior to hemodialysis, in 
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order to raise the urea nitrogen and creatinine concentrations to greater than 
250 and 16 mg. per cent, respectively. Following hemodialysis, the ureteral 
ligatures were released. These 4 animals recovered fully and survived without 
apparent complications. One animal (Experiment 1) did not undergo release 
of the bilateral ureteral ligation and succumbed 36 hours after dialysis with a 
serum potassium of 10 mEq. per liter. Hemodialysis was carried out on two 
separate occasions in the sixth animal (Experiments 2 and 3), in which no 
ureteral ligation was performed. Priming doses of urea and creatinine were 
administered. The urine was collected quantitatively thereafter until the termi- 
nation of the hemodialysis. The animal recovered fully and survived without 
complications. 

The animals were weighed prior to and usually at the conclusion of most 
of the experiments. Anesthesia was initiated with sodium pentobarbital, 
30 mg. per kilogram and maintained as necessary with small additional doses. 
Anticoagulation was initially accomplished with heparin, 1.5 mg. per kilogram, 
followed by 10 mg. per hour. At the conclusion of each experiment, coagulation 
was restored by the administration of an equivalent amount of hexadimethrine 
bromide (Polybrene).* 

For each of these experiments, the internal circuit of the unit was chemically 
sterilized with 2 liters of 0.4 per cent formaldehyde solution in 50 per cent 
autoclaved glycerine. The venous manifold was clamped off after 1,500 ml. 
of this solution had drained through the unit. The residual solution was 
retained for at least 12 hours or until the apparatus was prepared for the ex- 
periment. Several individual components have been kept for as long as 3 
months with this solution without apparent deterioration. 

Just prior to the experimental use of the apparatus, the tank (Fig. 2, A 
was flushed with approximately 300 liters of tap water while the inner e¢ircuit 
was washed out with 10 liters of sterile saline. Aliquots from the final efflux 
failed to reveal any growth on culture for both bacteria and fungi. The unit 
was then primed with 500 ml. of 6 per cent dextran in 5 per cent dextrose 
solution to which 5 mg. of heparin had been added. The venous outflow channel 


was clamped off so that 200 to 300 ml. of this solution was retained in the unit. 

slood was taken from the femoral artery and returned to the femoral 
vein after passing through the unit and a combination bubble trap and filter. 
No accessory pump was utilized except in Experiment 3. All experiments 
were performed with agitation as previously deseribed. In each experiment, 
spectrophotometric measurements of the plasma for hemoglobin failed to reveal! 
any significant hemolysis. In two experiments, the venous outflow was measured 
by a ealibrated flow meter. In both of these experiments, the extraction 


fractions were determined periodically as in the in vitro experiments. In the 


first of these experiments, the urea and creatinine extraction fractions ranged 
from 0.47 to 0.38 and 0.37 to 0.27, respectively, at a relatively constant blood 
flow of 200 ml. per minute. The values for the second experiment, at blood 
flows of 200 to 240 ml. per minute, ranged from 0.57 to 0.38 for urea and 0.45 
to 0.30 for creatinine. 


*Polybrene was supplied by the Abbott Laboratories, Chicago, Ill 
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The significant data in all 7 experiments are presented in Table II. Both 
plasma urea nitrogen and creatinine concentrations were considerably reduced 
by the hemodialysis. The decrease in hematocrit was undoubtedly related in 
large part to the use of dextran solution to fill the extracorporeal circuit, al- 
though some blood loss was continuously sustained in the surgical wounds. 


TABLE_IT. THE PREDIALYSIS AND PosTDIALYSIS RESULTS IN Vivo* 


PLASMA 


WEIGHT UREA N CREATININE HEMATOCRIT REMOVED 

EX KG. DIALYSIS MG. % (MG. %) (VOL. %) (GM.) 

PERI TIME CREAT 
MENT PRE- | POST MIN.) PRE- | POST *R PRE POST "RES ININE 


l 19.0 18.8 240 236 61 7 1.7 42 29 ; 13 
26.0 26.2 120 120 52 3.6 . 10 36 3.5 24 
24.6 24.3 180 141 60 $2 36 
18.2 18.4 300 294 if 16.5 4.0 41 20} 
20.0 19.3 300 308 5! 15.0 5.5 27 29 31. * 
18.0 300 357 19.1 6. 39 30 33.2 2.3 
26.0 240 308 : 17.0 8g. 38 36 26.8 2.2 


2 3. 
ligatures were not removed in Experiment 1 following hemodialysis, and the animal died 36 
hours later with a serum potassium of 10 mEq. per liter. In the remaining experiments, all 
the animals survived without complications. 


*Bilateral ureteral ligations were performed in all experiments except 2 and 3 The 


tExperiments 2 and 3 were performed in the same animal at 1-month intervals. Priming 
doses of 50 Gm. of urea and 460 me. of creatinine were utilized. In Experiment 2, the urine 
output was 300 ml. and 3.1 Gm. of urea N for the 30-minute interval between priming and 
the onset of hemodialysis During hemodialysis, 250 ml. of urine and 3.4 Gm. of urea N 
were excreted In the same intervals, 297 and 160 me. of creatinine were excreted In Ex- 
periment 3, the urinary losses in the 1l-hour interval between the priming dose and the start of 
the procedure amounted to 6.3 Gm. of urea N in 550 ml The blood flow through the unit was 
increased by means of an accessory pump which led to a reduction in the systemic arterial 
pressure from 110 to 80 mm. He The urine flow decreased to 75 ml. during the procedure 
with an excretion of 0.77 Gm. of urea N Through an oversight, the plasma filtrates and tank 


samples were discarded prior to the creatinine analyses 


tEstimated loss of 200 ml. of blood from a leaking arterial cannula just after the start 
of hemodialysis. This was replaced by 6 per cent dextran in 5 per cent dextrose solution 


§Estimated loss of 250 mil. of blood from leaking arterial cannula just prior to start of 
hemodialysis This was replaced by 6 per cent dextran in 5 per cent dextrose solution 


DISCUSSION 


The data as presented demonstrate the effectiveness of this apparatus in 


the dialysis of urea and creatinine under in vitro and in vivo experimental 
conditions. Studies characterizing the properties of the cellulose membrane 
have shown that other substances will diffuse through the membrane at pro- 
portional rates which are in large part determined by molecular structure." 
Therefore, it is appropriate to assume that these substances will diffuse through 
the cellulose membrane in this apparatus in a similar manner. 


There are several additional features of this new design which are highly 
advantageous. These include transparency, pretestability, very low resistance 
to flow, and a fairly wide range in the rate of ultrafiltration. 

The present unit, however, incorporates several disadvantages which reduce 
its over-all usefulness as an ideal clinical tool. These stem from the use of 
methyl methacrylate which was dictated by its availability and machinability. 
Its cost is rather high but not prohibitive when purchased in small quantities 
for disposal after a single use. Furthermore, chemical sterilization, which is 
more hazardous, is required although this may be obviated as the availability 
of gas sterilization increases. Other less expensive machinable or formable 
nontoxie plastics which can be subjected to autoclaving are being investigated 
in an attempt to overcome these objections. 
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The extracorporeal volume is not as invariable as that of the externally 
supported units. Such marked increment in this volume as might oceur fol- 
lowing a predetermined desire to increase the rate of ultrafiltration, the use 
of a small venous cannula or unusual venospasm ean be anticipated in ae- 
cordance with the volume/pressure characteristics. These changes can be 
monitored by measuring the outflow tract pressure. However, the extra- 
corporeal volume under the usual in vivo experimental circumstances is rela- 
tively fixed to within acceptable limits. Changes in the rate of blood flow will 
not cause significant alterations in this extracorporeal volume and therefore can 
be disregarded. 

SUMMARY 


The details of design, operation, and the results obtained with a new 
continuous hemodialyzer are described. The advantages include efficient utili- 


zation of the available membrane surface area, transparency, pretestability, 


low resistance to flow, and a wide range in the rate of ultrafiltration. The 
extracorporeal volume is, however, dependent upon the outflow tract pressure. 
At low outflow tract pressures, as is the usual experimental situation in vivo, 
this extracorporeal volume is within reasonable limits and is relatively fixed. 

Methyl methacrylate rods are currently being employed and carry the 


additional disadvantages of expense and the need for chemical sterilization. 


We wish to express our appreciation to Mr. Allan Wilson, Mr. John Stine, and Miss 
Marion Garner for their technical assistance without which this project could not have 
been completed. 


Addendwm.—Dr. W. J. Kolff has called our attention to a paper by himself and Dr, 
H. T. J. Berk,!2 in which reference is made to a somewhat similarly designed hemodialyz.ng 
apparatus constructed by Professor R. Brinkman. 
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THE INTERRELATIONSHIP OF WEDGED HEPATIC VEIN 
PRESSURE, INTRASPLENIC PRESSURE, AND 
INTRA-ABDOMINAL PRESSURE 
JEROME W. Canter, M.D.,* WituiAm S. Rosentuar, M.D.,** anp 
Ivan D. Baronorsky, M.D. 

New York, N. Y. 


URING the past deeade, increasing interest in the surgical therapy of portal 

hypertension has stimulated the development of methods to quantitate 
portal pressure. The direct measurement of portal vein pressure in patients 
during celiotomy has been carried out for many years. However, this procedure 
does not lend itself to the systematie study of portal hypertension, and recent 
attention has been directed at indirect measurements of portal venous pressure 
In 1951, Myers and Taylor’ showed that pressure readings recorded from a 
cardiae catheter wedged in a hepatie vein refleeted portal pressure. This ob- 
servation was soon confirmed and wedged hepatie vein pressures were recorded 
in liver disease,? portal vein abnormalities,* under anesthesia, and celiotomy,* 
and under the influence of various pharmacologie stimuli. 

Percutaneous splenic puncture and measurement of the splenic pulp pres- 
sure have also been found to reflect portal pressure.” Although this procedure 
is not without risk, it is an easier technique than that necessary to obtain 
wedged hepatie vein pressure, which requires catheterization through the right 
side of the heart. Other methods of estimating portal vein pressure have in- 
cluded measurement of the pressure in various collaterals, for example, esophag- 
eal varices’ and anterior abdominal wall veins.* 

Atkinson and Sherlock® compared intrasplenie pressures to subsequent 
measurements of wedged hepatic vein pressure, and to direct portal vein pres- 
sure measured at operation. They found a close relationship, in the absence 
of extrahepatic portal vein obstruction, between intrasplenie and portal vein 
pressure, if the latter were either measured directly or by oceluding a hepatic 
vein, Although they exeluded patients with ascites from their series, they sug- 
gested that a rise in intra-abdominal pressure would increase the portal venous 
pressure and would be reflected in both the splenie pulp pressure and the 
wedged pressure. It is possible that this may have therapeutie implications. 
In patients with ascites associated with bleeding due to portal hypertension, 


some reduction in portal pressure may be accomplished by abdominal para- 


centesis. 
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In order to assess this relationship, experiments were performed in dogs to 


quantitate the effect of artificial variation in intra-abdominal pressure upon 


these clinical parameters of portal pressure. 


MATERIALS AND METHODS 


In six adult mongrel dogs, weighing 10 to 15 kilograms, the following plan was carried 
out, Initially, the dogs were subjected to laparotomy and transplantation of the tip of the 
spleen into a subcutaneous pocket, without alteration of its vascular attachments.9 After 
the tip of the spleen becomes fixed in its new site, percutaneous puncture can be performed 
without difficulty. When this had occurred, the animals were anesthetized for study. A 
cardiac catheter was inserted through an external jugular vein, and under fluoroscopic control, 
was guided into a hepatie vein, and ‘* wedged’’ into position. In four of the animals, another 
catheter was positioned in the abdominal inferior vena cava after insertion through a femoral 
vein. Percutaneous splenic puncture was performed with a thin-walled, 17 gauge needle. Pres 
sures were obtained from these sites using Statham strain gauges, and permanent tracings were 


obtained on a multichannel recorder. A trocar was inserted into the peritoneal cavity through 


toentgenogram of the abdomen showing catheters and intrasplenic needle positioned 
for simultaneous pressure measurements 


the right lower quadrant, and a cardiac catheter was threaded through it. This catheter was 
used to monitor intra-abdominal presssure and to infuse isotonic saline into the peritoneal 
cavity. When all the catheters were in position ( Fig. l . base line pressures were recorded 
With the animal supine; a point midway between the sternum and the fluoroscopy table was 
used as zero. Saline was then infused rapidly into the abdominal cavity until the animal had 
tense ‘‘ascites,’’ as manifested by respiratory distress. Simultaneous pressures were 
recorded with each 500 ml. increment in the abdominal fluid. Since there were variations 
in the pressures with respiration, the values deseribed below were measured during the 


expiratory phase of respiration. 





CANTER, ROSENTHAL, AND BARONOFSKY J Le & Clin Med 
ovember, 1959 
RESULTS 
The findings were of the same general character for all animals studied. 
Fig. 2 illustrates the changes observed in the various parameters during a 
typical experiment (Dog 837). 
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2 —Changes observed in intrasplenic, wedged hepatic vein, inferior vena cava, and intra- 


abdominal pressures during a typical experiment (Dog 837) 
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Fig 3 


Fig. 3 Comparison of the wedged hepatic vein pressure and the intrasplenic pressure with 
increasing intra-abdominal pressure, 


Intra-abdominal pressure rose slowly during the saline infusion. The 


degree of rise was, in general, proportional to each 500 ml. increment in ab- 
dominal fluid. However, a more rapid increase ocenrred as a tense abdomen 
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was attained. The actual amount of fluid necessary to produce tense ‘‘ascites’’ 
varied from animal to animal, depending upon the resistance afforded by the 
abdominal musculature. The range was 2,000 to 3,000 ml. of saline infused, 
resulting in a mean rise in intra-abdominal pressure from 0 to 17 mm. of 
mereury. 


Intraspleniec pressure rose rapidly with small increments in intra-abdominal 
pressure and reached the highest levels of all the parameters measured. Initially, 
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Changes in the wedged hepatic vein pressure with increasing intra-abdominal pressure. 
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Fig. 5.—Comparison of the wedged hepatic vein pressure and the inferior vena cava pressure 
with increasing intra-abdominal pressure. 
minimal increases in intra-abdominal pressure caused a disproportionate rise in 
the intrasplenie pressure. On the other hand, as the abdomen became tense, 
intra-abdominal pressure increased more rapidly than the splenic pressure. The 
mean base line splenic pressure was 12 mm. of mereury, and the mean maximum 
pressure attained was 33 mm. of mercury. 
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The wedged hepatic vein pressure paralleled in a general way the rising 
intrasplenic pressure at a lower level. The wedged pressure correlated with 
the splenie pressure, r (correlation coefficient) being 0.85 (Fig. 3). The wedged 
pressure correlated somewhat more closely with the increasing intra-abdominal 
pressure, r being 0.89 (Fig. 4). An inerement in intra-abdominal pressure re- 
sulted in a proportional rise in the wedged pressure. Similarly, the wedged 
pressure correlated closely with the inferior vena cava pressure (Fig. 5). The 
mean base line wedged pressure was 9 mm. of mereury and the mean maximum 
pressure reached was 24 ml. of mercury. 
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Fig 6 


Changes in the inferior vena cava pressure with increasing intra-abdominal pressure. 


In those experiments where the inferior vena cava pressure was monitored, 
it was almost identical to the intra-abdominal pressure (Fig. 6). 


DISCUSSION 

These results confirm the suggestion of Atkinson and Sherlock that intra- 
abdominal pressure affeets portal pressure, as measured here by wedged hepatic 
vein pressure and intrasplenie pressure. Reynolds,’ Krook,"' and others have 


corrected for this effect by subtracting inferior vena cava pressure from observed 


wedged pressure, in order to estimate portal pressure more accurately in the 


presence of ascites. Reynolds has measured wedged pressure and caval pressure 
simultaneously before and after paracentesis. He found that the absolute values 
fell proportionately with drainage of the ascites, so that the gradient between 
the 2 pressures remained constant. The present study further substantiates the 
practice of correcting wedged hepatie vein pressure by subtracting inferior vena 
cava pressure, since the rising wedged pressure paralleled the increasing intra- 
abdominal and caval pressures. It should be emphasized that the present ex- 
periments have demonstrated this relationship to be valid in the absence of the 
abnormal vasculature that is present in cirrhosis. These findings, however, are 
in agreement with Reynolds’ observations of cirrhotic patients and there is no 


reason to assume that the presence of cirrhosis would have altered these results 
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Our observations indicate that all determinations of wedged pressure should 
be corrected by eaval pressure, since small amounts of abdominal fluid, possibly 
undetected, can affect portal pressure. It should be pointed out, however, that 
the effective pressure in an esophageal varix in a patient with portal hyper- 
tension and ascites is not this ‘‘correected’’ pressure, but actually the total pres- 
sure, including the increment contributed by the increased intra-abdominal pres- 
sure. Therefore, it would seem logical that abdominal paracentesis should be 
considered in the therapy of bleeding in such a patient, to eliminate the effect 
of the intra-abdominal pressure. It is well known that paracentesis, per se, in a 
cirrhotic patient may precipitate hepatic coma and death. Thus, the advantage 
to be gained from this treatment must be weighed carefully before it is under- 
taken. 

Wedged hepatic vein pressure was found to correlate with the intrasplenie 
pressure. This discovery confirmed previous findings concerning patients with 


liver disease.“ In spite of this reasonably good degree of correlation, however, 
intrasplenie pressure responded differently than the wedged pressure to the 
increasing intra-abdominal pressure. The disproportionate rise in splenie¢ pres- 


sure noted with the initial, minimal increments in intra-abdominal pressure may 
have been caused by the artificial position of the transplanted spleen. There- 
fore, in this series of experiments, pressures recorded from the splenic pulp are 
valid in reflecting the general trend, but should not be viewed in terms of 
absolute values. 


SUMMARY AND CONCLUSIONS 


1. The importance of indirect measurements of portal venous pressure and 
the validity with which the most frequently used clinical parameters (wedged 
hepatic vein pressure and intrasplenie pressure) reflect portal pressure have 
been briefly reviewed. 

2. Ascites was artificially induced in dogs, while simultaneous pressures 
were recorded, to study the relationship of these clinical parameters to inecreas- 
ing intra-abdominal pressure. 

3. Increments in the intra-abdominal pressure were found to be reflected 
in the wedged hepatie vein pressure as a parallel rise in pressure. 

4. Although the intrasplenie pressure correlated with the wedged hepatic 
vein pressure, its relationship to the intra-abdominal pressure was proportional 
only in a general way. 

5. The importance of these results in estimating the true wedged hepatic 
vein pressure in the presence of small amounts of abdominal fluid has been 
discussed. 

6. It has been suggested that when ascites is associated with poral hyper- 
tension and bleeding esophageal varices, cautious abdominal paracentesis may 
be a useful therapeutic measure for it reduces intra-abdominal pressure and, 
thereby, lowers portal pressure. 
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LABORATORY METHODS 


THE FLUOROMETRIC ESTIMATION OF MAGNESIUM IN 
SERUM AND IN URINE 


Davip Scuacuter, M.D. 
New York, N. Y. 
EVERAL investigators have used 8-hydroxyquinoline for estimating mag- 
nesium in biologie fluids. The methods described involve the complete 
precipitation of magnesium 8-hydroxyquinoline from hot ammoniacal solution, 
followed by gravimetric,’ colorimetric,” * titrimetric,‘ or flame photometriec’® esti- 
mation of the precipitate. The present report describes a procedure with 
8-hydroxyquinoline which is simpler and does not involve a precipitation step. 


it is based on the observation that ethanolic solutions of magnesium 8-hydroxy- 
quinoline exhibit a characteristic fluorescence when activated by light of 


wave length 420 my. This property has been utilized to develop a sensitive, 
relatively specific, accurate, and rapid method for estimating the magnesium 
in serum and in urine. 


MATERIALS AND METHODS 


Reagents.—Reference standard solutions of MgCl, were prepared from reagent grade 
MgO (Matheson Company) dried for 24 hours at 110° C., dissolved in a small volume of 
concentrated HCl, and diluted to volume with deionized water, A solution containing 5 Gm. 
of 8-hydroxyquinoline (certified reagent, Fisher Scientific Company) in 100 ml. of absolute 
ethanol was freshly prepared every two days and stored at 5° C. in a brown bottle. The 


pH values of all buffer solutions were checked with the Beckman glass electrode pH meter. 


Fluorescence.—Measurements of fluorescence were made with the Aminco-Bowman spec 
trophotofluorometer® and expressed in arbitrary units. Solutions of MgCl, in 80 per cent 
ethanol treated with an excess of 8-hydroxyquinoline exhibit fluorescence with a peak inten 
sity at 530 ma when activated at the optimal wave length, 420 my.* Fig. 1 illustrates that 
the intensity of fluorescence is dependent on pH and the buffer used, with maximal fluores 
cence at a pH of approximately 9.5. 

In the presence of 0.1 M sodium acetate buffer, the fluorescence of magnesium hydroxy- 
quinoline is minimal from pH 3.5 to 5.0 and increases rapidly from pH 5.0 to 6.5 (Fig. 1, 
curve A); similar solutions containing calcium instead of magnesium exhibit negligible 
fluorescence throughout this range of pH values (Fig. 1, curve B). Fig. 2 shows that the 
increment in fluorescence from pH 3.5 to 6.5 is directly proportional to the magnesium con 
centration from 0.025 to 0.200 mEq. per liter and, therefore, is suitable for the estimation of 
magnesium in serum and urine. Solutions containing calcium instead of magnesium do not 
exhibit increments in fluorescence (Fig. 2). 

From the Department of Medicine, College of Physicians and Surgeons, Columbia Uni- 
versity, and the Presbyterian Hospital, New York, N. Y 
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*The maximal fluorescence at 450 my of quinine sulfate in 0.1 N HeSOs was observed 
with an activating wave length of 360 my with the spectrophotofluorometer used in this work. 


763 





764 SCHACHTER J. Lab. & Clin. Med 


November, 1959 


TABLE I. THE FLUORESCENCE OF MAGNESIUM 8-HYDROXYQUINOLINE SOLUTIONS AT VARIOUS 
CONCENTRATIONS OF ETHANOL OR SopiuM ACETATE BUFFER* 


CON CENTRATION CONCENTRATION OF 
OF ETHANOI (+) FLUORES SODIUM ACETATE BUFFER A (+) FLUORES 
Go (V/V CENCEt (M) CENCEt 
92.5 2.0 0.05 6.: 
80.0 a. 0.10 5. 
67.5 
55.0 c 20 


25.0 2 0.25 


5. 
4, 
4. 

*The standard systems containing sodium acetate buffer of pH 3.5 or 6.5 are described 
in the legends to Figs. 1 and 2. The final concentrations of ethanol and sodium acetate buffer 
were varied as indicated above, and the fluorescence at 530 mg was measured with an activat- 
ing wave length of 420 mys 

*Fluorescence at pH 6.5 minus fluorescence at pH 3.5 


16.0 
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Fig. 1 Fluorescence at 530 my of ethanolic solutions of magnesium (@——-@) or cal- 
cium (O---O) 8-hydroxyquinoline at various pH values The activating wave length was 


120 mu. The solutions tested were prepared by mixing 0.2 ml. of 5 x 10-* M MgClk (or CaCls), 
0.1 ml. of 5 per cent 8-hydroxyquinoline in ethanol, 1.5 ml. of absolute ethanol, 0.1 ml. of 
deionized water, and 0.1 ml. of one of the following buffer solutions at the appropriate pH 
2.0 M sodium acetate (curves A and B), 0.4 M glycine (curve D), 2.0 M tris(hydroxymethy])- 
aminomethane (curve C) In each instance the fluorescence of a control solution containing 
all the constituents minus MgCl. or CaCl was deducted from the fluorescence observed with the 
complete system 


\n increase in the concentration of water or of sodium acetate buffer quenches the 
magnesium hydroxyquinoline fluorescence at pH 6.5 as indicated in Table I. The addition 
of successive quantities of sodium Versenate (ethylenediaminetetraacetate) to chelate the mag 
nesium apparently dissociates the magnesium hydroxyquinoline complex, inasmuch as_ the 
intensity of the fluorescence is progressively diminished (Fig. 3). Complete suppression of 
the fluorescence is observed with a molar ratio of Versenate to magnesium of approximately 
1.25. 

Other Cations.—A number of other cations were tested for their capacity to yield fluo 
rescent solutions in 80 per cent ethanol when treated with 8-hydroxyquinoline, Each cation 
was tested at pH 3.5 and 6.5 in the presence of 0.1 M sodium acetate buffer. As shown in 
Table II only zine solutions demonstrate a significant increment in fluorescence (pH 6.5 
minus pH 3.5) and this increment is approximately one half that observed with magnesium 


solutions. Inasmuch as the zine concentration in human serum? and urine’ is approximately 
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2 to 


3 per cent of the magnesium concentration, the contribution of the zine fluorescence is 
negligible (i.e., less than 1.5 per cent) in the fluorometric estimation of magnesium in these 
fluids. 

Estimation of Magnesium in Serum.—The estimations are performed in duplicate with 
the following two reagents prepared just before use. Reagent 1 (pH 3.5) is prepared by 


mixing 2 volumes of 2.0 M sodium acetate buffer of pH 3.5, 2 volumes of 5 per cent 
8-hydroxyquinoline in ethanol, 30 volumes of absolute ethanol, and 5 volumes of deionized 
water. Reagent 2 (pH 6.5) is prepared in an identical manner except that 2.0 M sodium 


acetate buffer of pH 6.5 replaces the pH 3.5 buffer. For each estimation 3.9 ml. of reagents 


16 paces 


Ca + 


0.05 0.1 0.15 0.2 
CATION CONCENTRATION (mEq/L) 


& FLUORESCENCE (pH 6.5-3.5) 





2 Increment in fluorescence (fluorescence at pH 6.5 minus fluorescence at pH 3.5) 


Fig 
observed with various concentrations of MgCh (@ @) or CaChk (O---O). The solutions 


were prepared with the 2.0 M sodium acetate buffers and tested for fluorescence as described 
in the legend to Fig. 1 The solutions had a final volume of 2.0 ml. of 80 per cent (v/v) 
ethanol, and they contained the final concentrations of magnesium or calcium indicated on the 
horizontal axis Each concentration of cation was tested with the pH 6.5 and the pH 3.5 
buffer, and the increment in fluorescence was calculated 
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Fig. 3 Effect of sodium Versenate on the fluorescence of an ethanolic solution of mag- 
nesium &-hydroxyquinoline (activating wave length 420 mga, fluorescence wave length 530 my) 
The initial solution contained 2.0 4M of MgCl, sodium acetate buffer of pH 6.5 in a final con- 
centration of 0.1 M, and 8-hydroxyquinoline in a final concentration of 0.017 M in 80.0 ml. of 
80 per cent (v/v) ethanol Successive aliquots of 0.001 M sodium Versenate (aqueous) were 
added 
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TasBLe II. FLvoResceNce OF ETHANOLIC SOLUTIONS OF VARIOUS DIVALENT CATIONS TREATED 
With 8-HypROXYQUINOLINE* 


FLUORESCENCE (ARBITRARY UNITS) 
A (pH 6.5 MINUS 
CATION 3.5 pH 6.5 pH 3.5) 
Mg’ i 20. 
Zn** 1.6 16.: 
Sr‘ ‘ 0 
Ba a 0 
Co** > 0, 
Mn By 0 
Cu’ a 0 
Ni’ y 0. 0.3 
Hg’ 7 0.: 0.4 
Fe 2 0.1 0.1 
Pb . 1.0 0.3 


+18.8 
+ 9.6 
+ 0.) 
0.1 
0.2 
0.4 
0.1 


we tho & UIs 


*The solutions tested had a final volume of 4.0 ml. of 80 per cent (v/v) ethanol and con- 
tained the following constituents in the final concentrations indicated: divalent cation. 2.5 x 
10-°* M;: sodium acetate buffer of DH 3.5 or 6.5, 0.1 M: and 8-hydroxyquinoline, 0.017 M The 
cations were added as their chloride salts except for MnSO, and FeSO, The activating and 
fluorescence wave lengths were 420 and 530 mag respectively. 


1 and 2, respectively, are transferred to separate, glass-stoppered centrifuge tubes. An aliquot 


of 0.1 ml. of serum is added to each of the reagents, the tubes are stoppered, shaken vigor 
ously by hand for 2 minutes, and subsequently centrifuged for 20 minutes in a clinical 
centrifuge. The clear supernatant solutions are decanted directly into cuvettes, and the fluo 
rescence of each is measured with the spectrophotofluorometer (activating wave length 420 
my, fluorescence wave length 530 my). The increment in fluorescence between pH 3.5 and 
6.5 is compared with the corresponding increment observed with a reference standard, 0.1 ml. 
of 0.001 M MgCl, added to 3.9 ml. of reagents 1 and 2, respectively. Reagent blanks con 
taining water in place of serum exhibit negligible fluorescence. 

Five serum samples were tested for magnesium before and after the addition of 20 uM 
of sodium Versenate per milliliter to test for fluorescence owing to substances other than 
magnesium. Treatment with Versenate completely abolished the increment in fluorescence 
(pH 3.5 to 6.5) in each instance, indicating that there is no significant error due to nonspecific 
fluorescence, 

Estimation of Magnesium in Urine.—The procedure for urine is similar to that for 
serum except that the buffering capacity of the reagents is increased. Reagents 1 (pH 3.5) 
and 2 (pH 6.5) are prepared just before use by mixing 5 volumes of 2.0 M sodium acetate 
buffer (of pH 3.5 or 6.5), 2 volumes of 5 per cent 8-hydroxyquinoline in ethanol, and 31 
volumes of absolute ethanol. Urine samples colleeted from normal subjects are diluted 1:5. 
An aliquot of 0.2 ml. of the urine dilution is added to 3.8 ml. of reagent 1 and to 3.8 ml. 
of reagent 2. Each solution is mixed, transferred to a cuvette, and the fluorescence measured 
with the spectrophotofluorometer as described for serum samples. The increment in fluores 
cence between pH 3.5 and 6.5 is compared with that observed with a reference standard—0.2 
ml. of 0.001 M MgCl, added to 3.8 ml. of reagents 1 and 2, respectively. Centrifugation 
has not been necessary for estimations of urine samples from normal subjects but may be 
required if the urine contains protein, 

Urine samples from 4 normal subjects were tested for magnesium before and after 
the addition of 40 ~M of sodium Versenate per milliliter of urine. Treatment with Versenate 
diminished the increment in fluorescence (pH 3.5 to 6.5) by 90.0 to 90.9 per cent. Thus, 
approximately 10 per cent of the increment in fluorescence observed with these urine samples 
was apparently not due to magnesium. The urine procedure is easily modified to correct 
for this nonspecific fluorescence. One aliquot of a urine sample is diluted 1:5 with water 
and another aliquot is diluted 1:5 with 0.01 M sodium Versenate. Both urine dilutions are 
then carried through the procedure for magnesium estimation described above. The small 
increment in fluorescence observed in the presence of Versenate is subtracted from the in 
crement in fluorescence observed without Versenate. 
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TABLE IIT. “tECOVERIES OF MAGNESIUM ADDED TO SERUM AND TO URINE* 


SERUM URINE 
MAGNESIU)} MAGNESIUM MAGNESIUM MAGNESIUM 
ADDED | RECOVERED RECOVERY ADDED RECOVERED RECOVERY 
(MEQ./L. (MEQ./L. ) (PER CENT ) (MEgQ./L. ) (MEQ./L. ) (PER CENT ) 
2.0 2.3 105.0 5.0 4.9 97.0 
4.0 4.2 : 104.5 10.0 9.9 98.5 
6.0 6.2 103.2 15.0 15.6 104.0 
8.0 7.6 94.4 20.0 20.8 104.0 
10.0 9.9 99.0 25.0 24.4 97.5 


Mean 101.0 Mean 100.2 


*The indicated amounts of MgCh were added to a sample of serum and of urine which 
contained 2.10 and 1.80 mEq. per liter of magnesium, respectively 


RESULTS AND DISCUSSION 

Recoveries and Reproducibility—Varying quantities of magnesium were 
added to serum and to urine, and the samples were then estimated fluorometrie- 
ally. <As listed in Table III the recoveries of magnesium from serum ranged 
from 94.4 to 105.0 (mean 101.0) per cent, and the recoveries from urine ranged 
from 97.0 to 104.0 (mean 100.2) per cent. In a series of duplicate estimations 
of 9 serum and 5 urine samples, the maximal and average differences between 
duplicates were 12.5 and 6.9 per cent, respectively, for the serum samples, and 
6.3 and 1.3 per cent, respectively, for the urine samples. 

Magnesium in Normal Serum.—Venous blood samples were collected from 
33 normal, nonfasting, female student nurses aged 18 to 29 years. The samples 


were allowed to clot for one hour at room temperature, the sera were separated 


by centrifugation, and the magnesium was estimated fluorometriecally. The 


range of values, 1.65 to 2.44 mEq. per liter, and the mean (+ standard devia- 
tion), 2.05 + 0.22 mEq. per liter, agree closely with the results reported recently 
by investigators using the molybdivanadate,’ titan yvellow,'® and flame photo- 
metric’! methods (Table IV). 

The fluorometric estimation offers several advantages over the other methods 
listed in Table IV. Unlike the molybdivanadate technique, the fluorometric 
method does not require the quantitative precipitation of magnesium and, there- 
fore, is a simpler and more rapid procedure. The fluorometric estimation is 
more sensitive than the titan vellow or flame photometric methods.’" '* The 
procedure described in this report is sufficiently sensitive to estimate as little 
as 0.1 to 0.2 »g of magnesium in a final volume of 1.0 ml. Thus as little as 


10 pl of serum could be used for a single estimation. 


TABLE IV. SERUM MAGNESIUM VALUES IN NORMAL SUBJECTS 


NUMBER OF SERUM MAGNESIUM tEFERENCE 
METHOD SUBJECTS MEQ./L. NO. 
Titan yellow : 1.87 + 0.12 10 
Molybdivanadate 195 + 0.21 9 
Flame photometer 2.05 + 0.18 11 
Fluorometric 3: 2.05 + 0.22 
*Mean + standard deviation The standard deviation for the values obtained by Orange 
and Rhein” was estimated above as one-fourth the range of values. 
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SUMMARY 


Ethanolic solutions of magnesium 8-hydroxyquinoline exhibit fluorescence 
with a peak intensity at 530 mp when activated by light at 420 mp. This pro- 


perty has been utilized to develop a sensitive, relatively specific, accurate, and 


rapid method for the estimation of magnesium in serum and in urine. 
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A SIMPLE FLUOROMETRIC PROCEDURE FOR DETERMINING 
SALICYLIC ACID IN BIOLOGIC TISSUES 
MICHAEL A. Cuiricos,* PH.D., AND SIDNEY UDENFRIEND, PH.D. 
BETHESDA, Mb. 


ANY methods for estimating salicylate in plasma have been previously 

deseribed.’~ However, to our knowledge, none of them is sufficiently 
sensitive or specific for estimating minute amounts of salicylate in various 
biologic tissues. Although Smith and associates* used the method of Brodie 
and co-workers' to measure salicylate in tissues, the procedure is not sensitive 
enough for measuring the minute quantities found in tissues even when large 
amounts of the drug are administered. 


The procedure for measuring salicylic acid in tissues described in this 


report involves a separation of the salicylic acid from tissues by extraction 


into ether, its return to borate buffer, and the subsequent measurement of its 
fluorescence in the spectrophotofluorometer.' 


MATERIALS AND METHODS 


Reagents.—1. Standard salicylic acid solution, 116 mg. of sodium salicylate is dissolved 
in a final volume of 100 ml. of water. This standard is stable when stored at refrigerator 
temperature. Working standards are prepared by dilution with water or 0.5 M borate buffer, 
pH 10.0. 

2. Washed ether: This is prepared by washing commercially available anhydrous ether 
with an equal volume of 0.1 N NaOH, then 0.1 N HCl and finally with distilled water until 
the washings are neutral to indicator paper. 

3. Hydrochloric acid, 6 N. 

4. Borate buffer, 0.5 M, pH 10.0: 35 ml. of 10 N NaOH are added to 31.4 Gm, H,BO, 
and the volume made up to 1 liter. 


Procedure.—Tissues (1 Gm.) are homogenized in 0.01 N HCl (3 ml.), centrifuged at 
10,000 g and supernatants taken for analysis. Plasma is diluted to 25 per cent by adding 
1 ml. of plasma to 3 ml. of 0.01 N HCl. To a 30 ml. glass-stoppered centrifuge tube add 
0.5 ml. of tissue supernatant or diluted plasma, 1 ml. of water and 1 mil. of 6 N HCl and 
mix. Add exactly 20 ml. of washed ether to the mixture, shake vigorously, and centrifuge 
at moderate speed for 5 minutes. Transfer exactly 10 ml. of the ether layer to another 
30 ml. shaking tube containing 3 ml. of borate buffer, pH 10.0, and shake vigorously. 
Centrifuge for 5 minutes at moderate speed, then aspirate off the ether laver. Place 
tubes in a water bath at 55° C. for 5 minutes to evaporate residual ether and cool to 
room temperature. Transfer 1 ml. of the borate buffer to a cuvette and measure fluores 
cence in the spectrophotofluorometer with activation set at 310 my and fluorescence at 
400 my. 

The accuracy of the Aminco-Bowman spectrophotofluorometer for assaying salicylic 
acid is best at low concentrations with 2 wg being maximum. Above this amount the 
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response is not linear. In tissues with higher concentrations of salicylate, it has been 
found best to dilute the final aliquot of buffer extract with fresh borate buffer. 

Fluorometric readings of standards taken through the extraction procedure indi- 

cated that no detectable amount of salicylate is lost during the extraction procedure 

other than by the aliquots taken. However, as a precaution, standards are prepared by 


earrving known amounts of salicylate through the entire extraction procedure. 
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Curve absolute standard, 2 we per milliliter; Curves B and C, experimental plasma ; 
Curve D, control plasma; Curve E, blank 
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Curve A, absolute standard, 2 uzg per milliliter; Curves B and C, experimental brain ; 
Curve D, control brain; Curve E, blank. 


RESULTS 
Specificity. —Activation and fluorescence spectra were determined on salicy- 
late standards, reagent blanks, and experimental tissue extracts. Typical 
spectra are shown in Figs. 1 and 2. 
The absence of detectable blanks in salieylate-free tissues indicates that the 
constituents of normal tissues do not interfere with the fluorescence assay. Of 





METHOD FOR ESTIMATING SALICYLATE IN TISSUE 


TABLE I. RECOVERY OF SALICYLIC AciIp AbbED TO TISSUES 


SALICYLIC ACID ADDED (ug) 
l 


TISSUE ASSAYED 6 y 30 90) 50 300 


Plasma—salicylie acid found 6 p 29 S4 144 300 
per cent ‘recovery 100 97 93 96 100 
Brain—salicylie acid found 6 31 85 147 300 
per cent recovery 100 103 O4 QS 100 
Liver salicylic acid found 6 : 31 86 146 300 
per cent recovery 100 103 96 Q7 100 
Lung—salicylic acid found 6 ‘ 30 87 147 300 


per cent recovery 100 100 Q7 GS 100 


Kidney—salicylic acid found 6 2 30 87 153 300 
per cent recovery 100 100 Q7 102 100 


Various amounts of salicylic acid were added to rat tissues (25 per cent) and were 
extracted and assayed by the described procedure 


the metabolic products of salicylic acid, gentisie acid also exhibits weak fluores- 
cence. However, this occurs at 440 mp when activated at 315 mp. A solution 
containing 2 »g each of salicylic acid and gentisic in borate buffer was found to 
exhibit exactly the same fluorescence as that of pure salicylic acid with activa- 
tion set at 310 my and fluorescence at 400 mu. 

Recovery From Tissues.—Estimations of salieylie acid added in various 
amounts to rat tissues were performed to test the accuracy of the method. 
The data in Table I, where each value is the average of triplicate assays, indi- 
cate that salieylie acid added to tissues is recoverable with satisfactory precision. 

Disposition of Salicylic Acid in Animals.—In order to ascertain the length 
of time salicylate remains in plasma, brain, and kidney after administration 
of sodium salicylate to animals, the following experiment was carried out. 
Sodium salicylate, 232 mg./Kg., was administered to rats (male, Sprague- 
Dawley rats of the NIH strain and weighing 240 to 250 grams), and at inter- 
vals several animals were sacrificed and the concentration of salicylate in 
plasma, brain, and kidney was determined. The results, shown in Table I, 
indicate that even after 24 hours appreciable amounts of salicylate are present 


in all the tissues studied. 


TABLE Il. TimMz-RATE Stupy oF SaLicyLic Acip IN TISSUES 


TIME OF SACRIFICE AFTER DOSAGE (HOURS) 
TISSUE ASSAYED li, ] 2 4 j 24 
Brain 46* 51 51 39 3 4 
Plasma 388 108 336 283 28: 62 
Kidney 177 196 146 120 27 
*Micrograms per gram of tissue or milliliter of plasma 
Sodium salicylate, 232 mg. per kilogram, was administered intraperitoneally to rats. At 
the indicated intervals 3 animals were sacrificed and the concentration of salicylate in brain, 
plasma, and kidney determined by the described procedure The values are the means for 
the 3 animals 


DISCUSSION 
Fluorometric assay, when applicable, offers a number of advantages over 
other methods of assay. Its sensitivity is much higher than that of spectro- 
photometry and its specificity is greater since it is based on two spectral re- 
quirements, activation and emission. 


This procedure involving extraction of salicylic acid from tissues and 
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subsequent spectrophotofluorometric assay is rapid, simple, and specific and is 


capable of measuring concentrations which heretofore were not measurable. 


SUMMARY 


A simple, rapid, and specific method is deseribed for the estimation of 
salicylic acid in tissues. The salicylic acid is separated from tissues by extrac- 
tion into ether. It is then returned to borate buffer, and subsequently measured 
in the spectrophotofluorometer using 310 my for activation and 400 my for 


emission. 
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DETERMINATION OF POLYSACCHARIDE HEXOSES AND 
HEXOSAMINES IN NORMAL HUMAN SERA 


I. MARTIRANI, M.D., G. H6xter, B.S., B. L. WasCHENBERG, M.D., 
I. MARIANI, B.S., ano A. B. U. Cintra, M.D., Pu.D., 
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HE serum polysaccharides are bound to proteins constituting the glyco- 
proteins. The carbohydrate component consists usually of galactose, man- 
nose, glucosamine, galactosamine,' sialic acid,? and fucose.“ The glycoproteins 
have been studied in several clinical conditions with very interesting results.* > ® 


The carbohydrate moiety of these glycoproteins may be determined quan- 


titatively by several methods with different 


reagents evaluating the hexoses 
and the hexosamines. 


Among the processes for the determination of the hexoses 
there are those utilizing orcinol,”* carbazole,” diphenylamine,'’ "  trypto- 
phane,'* '* anthrone,’* ':'° and resoreinol-disulfonie acid.'’ Each one of these 
reagents is used with concentrated sulfuric acid. The hexosamines are deter- 
mined by the Elson and Morgan reaction'* or one of its modifications.’ 2°24)2# 
In this paper we have studied the methods for determination of the total 
glycoprotein and the perchlorie acid soluble seromucoid® hexoses in normal 
persons, with the anthrone reagent and with resoreinol-disulfonie acid, modified 
by addition of borie acid to the svstem. The hexosamines were also determined. 


MATERIAL AND METHODS 


Venous blood serum was obtained in the fasting state from 30 healthy human beings, 
the serum being used immediately or kept at —30° C. for future use. 

Total glycoprotein and seromucoid hexoses were determined by the method of Graff 
and associates!5 and also by that of Lunt and Suteliffe,!7 with and without the 
borie acid: 


addition of 


Reagent 2 per cent anthrone 

Reagent 2 per cent anthrone 5 per cent borie acid 

Reagent C 0.5 per cent resorcinol-disulfonic acid 

Reagent D 0.5 per cent resorecinol-disulfonic acid 5 per cent boric acid, 
The reagents were dissolved in concentrated sulfonic acid. The color was developed at a 
temperature of 80° C. for 30 minutes, followed by spontaneous cooling. Total glycoprotein 


hexosamines were determined by the method of Shetlar and associates,2° 


RESULTS 


The results of the determination of total glycoprotein hexoses are shown 
in Table I. 

The lowest values and smallest coefficients of variation are obtained with 
the anthrone-borie acid reagent (Table I 
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NORMAL SERA 
WOMEN (15 CASES) 
MEAN* AND RANGE 
155.8 
(107.2-158.4) 
114.5 
(102.0-140.7 ) 
176.0 
(145.5-253.6) 
154.1 


(128.0-—209.4 ) 


*Milligram per cent hexoses expressed as galactose-mannose 
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Comparison 
tion of galactose 


of the 


optical density 


200 UG OF GALACTOSE - MANNOSE 


curves of the reaction between an equimolar solu- 


ind mannose and several hexose-reagent mixtures 


The values for the seromucoid hexoses are indieated in Table II. 


REAGENT 


For the 


seromucoid 


TABLE II. 


MEN 
MEAN AND RANGE 


11.6 


SEROMUCOID HEXOSES OF 


15 CASES) 


fraction, 


NORMAL SERUM 
WOMEN (15 CASES 
MEAN AND RANGE 
8.9 
(6,2-13.9) 
9.0 
(7.5-12.1) 
11.5 
9.5-14.2) 
11.6 
(SS 1 4.7 ) 


too, smaller coefficients of variation were 


obtained with the anthrone-borie acid reagent (Table II). 


Table III gives the values for the total glycoprotein hexosamines of the 


same group of normals. 

According to our results, the glycoprotein hexosamines as well as the hexose 
components were not significantly different in relation to the sex (Tables I, IT, 
and IIT). 
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TABLE III. ToTaAL GLYCCPROTEIN HEXOSAMINES OF NORMAL SERUM 


“MEN (15 CASES) WOMEN (15 CASES) 
MEAN* AND RANGE v.C. MEAN AND RANGE 

75.3 9.89 72.0 
(63.1-86.4) (51.5—80.7 ) 


*Milligram per cent of hexosamine. 


Hexose determinations in the standard equimolecular solution of galactose 
and mannose by the 4 reagents showed greater optical densities (indicating 
greater sensitivities) with the borie acid modification at 620 mp (Fig. 1). 
Measurements at the wave length of 630 my gave identical results. 

In a ‘‘recovery’’ experiment where two sera with different known con- 
centrations were mixed the most consistent results were obtained with the an- 
throne-boric acid reagent (Table IV 
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100 UG OF GALACTOSE -MANNOSE 


Influence of tryptophane in the reaction between the anthrone-boric acid reagent and 
an equimolar mixture of galactose and mannose 


TABLE LV. “RECOVERY” EXPERIMENTS FOR GLYCOPROTEIN HEXOSES 


SERUM A 10 ML, 1.0 ML, 0 ML, 0.5 ML, 
SERUM B 0 0.5 7. 1.0 
SALINE 4.0 0 0 
Reagent . 126.3* 100.1 100.4 
Reagent 90.8 97.8 99.8 
Reagent C 128.5 93.2 j 91.1 
Reagent 134.1 92.2 3 88.0 


*“Recovery” expressed as percentage of theoretical value 


Using the anthrone-borie acid reagent with the galactose-mannose solution, 
tryptophane” is found to have no influence (Fig. 2) whereas Shetlar**® observed 
that tryptophane reacted with anthrone thus interfering with the carbohydrate 
reaction. 

Our results for seromucoid and total glycoprotein hexoses and hexosamines 


agree within fair limits with those reported by others.” % 1%) 1% 1% 20, 22, 24-82 
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DISCUSSION 


The colorimetrie procedures used (anthrone and resoreinol-disulfonic acid, 


with and without borie acid) are based upon the transformation of the glyco- 


protein carbohydrate moiety into furfural derivatives. Differences in the 
carbohydrate behavior have been utilized by some authors**** for analytical 
purposes, adapting the anthrone method to distinguish between different types 
of sugars. The color developed by the chromogenic agent is related to the con- 
centration of a number of intermediates which form during the progressive 
destruction of the sugar, making it impossible to apply this reaction to hetero- 
geneous mixtures obtained by the hydrolysis of serum glycoproteins. Reproduc- 
ible results may be obtained, however, by standardizing the conditions of the 
reaction. For that reason we have studied some of the factors which could 
determine variations in the final result, with special reference to the quality 
of the reagent and the reaction temperature. In relation to the first factor we 
consider it unnecessary to prepare the anthrone solution at the moment of use, 
as recommended by the majority of authors. The reagent can be kept in a 
well-stoppered bottle protected from light in a deeptreezer for 4+ or more weeks. 
Roe** attributes the instability of the reagent to oxidative modifications, with 
decreasing chromogenic properties, and recommends the use of antioxidants 
such as 1 per cent thiourea, besides keeping the reagent in the refrigerator. 

For color development, a temperature of 80° C. is maintained for 30 min- 
utes followed by spontaneous cooling, differing from the procedure of Mokrasch** 
who also warms for 30 minutes but cools in ice. According to Morris* rapid 
cooling eould prevent the end of the reaction causing errors in the determination. 

Our results give evidence for the superiority of the anthrone-borie acid 
reagent over the others, with smaller coefficients of variation, not only for the 
seromucoid but also for the total glycoprotein hexoses (Tables I and II). Be- 
sides, the values obtained with the standard (equimolecular solution of galactose 
and mannose) demonstrate greater sensitivity of this reagent by the greater 
optical density increment (Fig. 1). On the other side, the serum analyses indi- 
cate that after the addition of boric acid there is a fall in the hexose values. 

For checking our results we have mixed 2 sera, with different concentrations 
of glycoproteins, and analyzed the components of the various mixtures in known 
proportions, comparing the results obtained with the theoretical values (Table 
IV). 


SUMMARY AND CONCLUSIONS 


1. The anthrone reagent is recommended for the determination of serum 
polysaccharide hexoses in view of its high specificity. 

2. The addition of borie acid to the anthrone reagent increases its sensitiv- 
ity. 

3. Values obtained by the use of this modified reagent in the determination 
of total glycoprotein and seromucoid hexoses in 30 normal individuals are found 
to be within the limits observed by other authors. The values found were: 
per cent + 9.70 (99.3-140.7); (b) 


(a) Total glycoprotein hexoses, 115.8 me 
seromucoid hexoses, 9.5 mg. per cent + 1.25 (7.5-12.4 
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4. Simultaneous determinations of protein-bound hexosamines by the Elson 
and Morgan technique gave the following result: 73.6 mg. per cent + 8.00 
(51.5-86.4). 
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A TECHNIQUE FOR THE TITRATION OF “CROSS-REACTING 
ANTIBODY” IN GROUP O SERUM 
A. RICHARDSON -JONES, M.B., B.S.(LONbD.),* LORRAINE KANEB, B.S.,** AND 
ABRAHAM ABRAHAMOV, M.D.*** 
Boston, Mass. 


ERUM from group O individuals is characterized by its possession of both 
anti-A and anti-B isoagglutinins. In addition, some group © sera may 
contain a third agglutinin, the essential behavior of which may be summarized 


as follows: 


Absorption of a group © serum with a suspension of group A erythrocytes 
will produce an expected reduction of the anti-A titer of the serum, but this 
procedure may also result in some degree of reduction of the anti-B titer. 
Similarly, absorption of the serum with a suspension of group B erythrocytes 
will result in an expected reduction of anti-B titer but this may also be accom- 
panied by some reduction of the anti-A titer. 

The true explanation of this property of group © serum is the subject of 
controversy. One means of accounting for it would be to postulate the existence 
of an antibody with conjugate specificities which might be called anti-AB. 
Wiener’ is a proponent of an alternative theory which calls for the existence of 
a separate antigen, designated “C,” which is common to group A, group B, and 
croup AB cells. The apparent cross-reactivity of group O serum would then 


he due to its containing a corresponding antibody, “anti-C.” This controversy 


may be avoided by using the simple deseriptive term “cross-reacting antibody” 
coined by Rosenfield,? who has pointed out the signifieance of this antibody 
in relation to AB erythroblastosis in the offspring of group O mothers. 

The ecross-absorption technique, by which the existence of cross-reacting 
antibody was originally defined, is laborious and does not lend itself readily 
to quantitative studies. Therefore, we have devised the following technique for 
its detection and titration. 


MATERIALS AND METHODS 


Principles of the Mcthod.—Use is made of the phenomenon of mixed agglutination of 
minor erythrocyte populations. If a suspension of group A red cells is diluted with a 


suspension of group O cells so that the concentration of group A cells is not greater than 
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1 part per 500 parts of O cells, it is possible to sensitize the group A minor population 
cells with specific isoantibody (such as anti-A) without the occurrence of agglutination. 
[f the suspension is washed to remove all free anti-A, the addition of a further suspension 


of group A cells to the sensitized population mixture results in the development of 


characteristic small agglutinates. Each of these agglutinates consists of an original 
t 


sensitized A cell bound to the added (or “deteector”) A cells by divalent anti-A molecules. 


ve ~~ Loe 


» © ,. 


The microscopic appearance of mixed agglutinates 


instead of using anti-A, a group O serum containing cross-reacting antibody is 
used to sensitize the group A minor population cells, it is now found that specifie mixed 
igglutinates will be formed not only on the addition of group A detector cells but also on 
the addition of group B detector cells. It appears that the group O serum contains an 
antibody which is capable of uniting a group A cell to a group B cell. 

This experiment may be repeated in the same form with group B cells substituted for 
group A cells as the minor population and group A cells substituted for group B cells as the 
detector suspension. Since group O serum contains anti A and anti-B in addition to cross 
reacting antibody, a group A minor population sensitized with group O serum will always 


be able to form mixed agglutinates with group A detector cells and a group B minor 
population will also always be able to form mixed agglutinates with a group B detector 
suspension, 

The test consists of the attempted demonstration of the specific linkage of group A 
cells to group B cells through the medium of an antibody contained in group O serum. 


Group O sera which possess the power of linking A and B cells together are regarded as 
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possessing cross-reacting antibody. The titration of this cross-reacting antibody is performed 


by determining the greatest dilution of the serum at which this property can be demon 
strated. 


Tech nique. 


Cell suspensions: Approximate 5 per cent suspensions are made of group A,, group B, 
and group O red cells by pipetting 2.5 ml. of the twice-washed, packed cells of each type into 
separate 50 ml. volumetric flasks which are then filled to the mark with saline. This provides 
enough material for a large number of tests. If smaller quantities are required the appro- 
priate adjustments should be made to this volumetric step. These cell suspensions will be 
used for the preparation of the population mixtures (see below) and also for the detector 


suspensions, 


Population mixture: Two population mixtures are used in the test. In each case the 
major component is group O. The minor components are, respectively, group A and group 
B. It is convenient to symbolize such population mixtures as O(A) and O(B) where the 
letter in parentheses in each case indicates the eutigen of the minor population. The O(A) 
and O(B) mixtures are prepared by pipetting 0.05 ml. of the 5 per cent suspension of group 
A and group B cells each into two separate 25 ml. volumetric flasks. Both flasks are then 
filled to the mark with the 5 per cent suspension f group O cells. Complete dispersion of 
the minor population is ensured by repeated inversion of the flasks for a period of at least 
3 minutes. 


Serum to be tested: Although no difficulty has yet been experienced through loss of 
minor population cells by hemolysins in the serum under test it is deemed advisable to in 
activate the serum by heating it at 56° C. for 20 minutes. it is also necessary to treat the 
serum with a chelating agent to suppress the formation of anomalous mixed agglutinates.4 
rhe tetrasodium salt of ethylenediaminetetraacetic acid (EDTA) is suitable for this purpose 
and should be added to the serum immediately before the test in a concentration of approxi 
mately 1 mg. per milliliter. The effect of EDTA in suppressing anomalous mixed agglutinates 
is transitory, remaining reliable for only about 24 hours after its addition to the serum. 
Failure to add EDTA to the serum prior to test will result in the formation of agglutinates 
which have been shown in a previous communication+ to consist of a quasispecifie binding of 
the minor and major population cells. 


Isotonic saline: The diluent used in preparing serial dilutions of serum is 0.9 per 


cent sodium chloride solution. Sodium EDTA is added to the saline in a concentration of 
1 mg. per milliliter in order to suppress anomalous mixed agglutination. The addition of 
EDTA to the serum alone does not suffice to suppress anomalous mixed agglutination in the 


higher serum dilutions of the titration. 


Test Procedure——The serum to be tested is inactivated and treated with EDTA as de 
scribed above. Six sets of serial twofold dilutions are made using EDTA-saline as diluent. 
It is advisable to carry the dilutions to the tenth power (1:1,024). To each tube of the 
first 3 sets of dilutions is added an equal volume of the O(A) population mixture suspension, 
and to the second 3 sets of dilutions is added an equal volume of the O(B) suspension. The 
contents of all tubes are mixed by shaking and left at room temperature for 15 to 20 minutes. 

After this incubation period the cell suspensions in all tubes are washed 3 times in 
isotonic saline, care being taken to avoid loss of cells. It is not necessary to use EDTA 
saline for this step. Following the last wash the suspensions are restored approximately 
to their original volume, and equal volumes of group A, group B, and group O cell suspensions 
are added to each set of sensitized washed cells as shown in Table Il. The added cells are 


thoroughly interspersed in the population mixture by shaking and inversion. 


Reading Procedure.—The tubes containing the composite suspensions are centrifuged at 


250 g for 1 minute* following which the cell deposit is gently but completely resuspended 
*Consult the manufacturer's speed and force table for the centrifuge 

equation: RCF 0.00001118 «x N? x R, where RCF centrifugal force 

per minute, R rotating radius in centimeters at the outer tip of the tube 


used or apply the 
g, N revolutions 
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TABLE I 


DILUTION SET NO. POPULATION MIXTURE GROUP OF ADDED CELLS 
OCA) A 
Ov; A) B 
OCA) O 
O(B) B 


) O(B) A 
6 O(B) O 


The distribution of detector cell suspensions among the 6 sets of tubes containing sensi- 
tized, washed population mixtures 


by inversion of the tube. This centrifugation and resuspension is carried out 3 times in all. 
After the final centrifugation the cell deposit should not be disturbed until immediately prior 
to reading. Reading is carried out by resuspending the cell deposit in sufficient saline to 
produce a convenient concentration of cells for observation in a hemocytometer chamber (i.e., 
about 0.2 per cent cell concentration). The diluted suspension is introduced into the hemo 
evtometer chamber and examined under the microscope for the presence of characteristic 
agglutinates. The agglutinates are uniform spherical masses of cells about 20 uw in diameter 
oceurring with a frequency of about 2 per field. Their appearance is illustrated in Fig. 1. 
The presence of typical mixed agglutinates in the suspension indicates a_ positive 
result, The absence of agglutinates indicates a negative result. As would be expected, there 
are generally fewer clumps in the last two tubes showing a positive result in the titration 
than in the suspensions exposed to more concentrated serum. There is not, however, the 
gradual diminution of clump frequency with progressive serum dilutions as is seen in con 


ventional agglutinin titrations. The end point of a mixed agglutination titration tends to be 


more sharply defined than the end point of an agglutinin titration. The series of tubes to 


which group O detector cells were added constitute negative controls and no agglutinates 
should be observed in those suspensions. If agglutinates are observed in the negative control 
tubes it should be taken as an indication that suppression of anomalous mixed agglutination 
has not been achieved or that the serum under test contains a specific or nonspecific agglutinin 


which is clumping the major population cells. 


RESULTS AND DISCUSSION 


in the system deseribed above, the presence of cross-reacting antibody in 
group © serum is revealed by the formation of mixed agglutinates in those 
tubes in which a group B detector suspension has been added to an O(A) 
population mixture or in those tubes in which a group A detector suspension 
has been added to an O(B) population mixture. It is to be expected that the 
addition of group A detector cells to an O( A) population mixture will always 
produce mixed agglutinates because of the almost invariable presence of anti-A 
in group © serum. For a similar reason those tubes in which group B detector 
cells are mixed with the O(B) population mixture will be expected to show 
mixed agglutinates. The mixed agglutination titer of anti-A and anti-B in a 
group O serum will parallel, generally, the agglutinin titer. The titer of eross- 
reacting antibody appears to bear only an approximate relationship to the 
agglutinin titers. Our current experience suggests that cross-reacting antibody 
is more likely to be found in group © sera with agglutinin titers for anti-A or 
anti-B over 1:256 and less likely to be found when the agglutinin titer is below 
this level. Tests of several hundred sera have not vet disclosed an instance of 
the titer of cross-reacting antibody being in excess of anti-A or anti-B 
agglutinins 
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Most examples of cross-reacting antibody are found to be ‘‘symmetrical”’ 
in their behavior. That is, the titer is similar for both O(A) and O(B) popu- 
lation mixtures. However, occasional examples of gross “asymmetry” are en- 
countered. In extreme form an asymmetrical cross-reacting antibody may 
fail to form mixed agglutinates when group B detectors are added to the 
sensitized O(A) mixture but will do so when group A detectors are added to 
the O(B) mixture. It is because of the existence of asymmetrical antibody 
behavior that both O( A) and O(B) suspensions are used in the test. If cross- 
reacting antibody invariably exhibited a symmetrical behavior it would be 
necessary only to use one variety of population mixture, for example O(A),. 

The significance of the existence of cross-reacting antibody in group O 
serum is not yet clearly defined. Evidence exists? that it may be causally 
related to erythroblastosis in group A or group B offspring of group O 
mothers. Current studies by us, to be reported elsewhere, suggest that titra- 


tion of cross-reacting antibody in maternal serum may be useful in the pre- 


natal diagnosis of this type of erythroblastosis. It is tempting to draw a 
parallel between the hemolytic effect of maternal serum on fetal red cells and 
the hemolytic effect of the plasma of the ‘‘dangerous universal donor’’ on the 
red cells of a group A or group B recipient. On this latter point no direct 
evidence is available, but the technique described above offers a possible means 
of investigation. 

SUMMARY 


A deseription is given of a new technique for the detection and measure 
ment of cross-reacting antibody which may be present in some group O sera. 
The method depends on the demonstration of direct linkage of group A cells to 
group B cells by a component of group O serum, thus avoiding laborious cross- 
absorption or elution procedures. 
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1. EFFECT OF CHRONOLOGIC AGING, HYPERTENSION, AND 
ARTERIOSCLEROSIS ON HUMAN ARTERIAL ELASTICITY 


FRANCOIS M. ABBoup, M.D., AND JoHn H. Huston, M.D., MitwauKeEEr, WI1s. 
(INTRODUCED BY FRANCIS D. Murpny, M.D.) 


In the past, arterial elasticity studies have not included determination of 
elastic loss associated with chronologie aging in the normal subject. Conse- 
que ntly, data on the changes in arterial elasticity associated with hypertensive 
states have been difficult to evaluate. Indeed, the reliability of the “Arterial 
Elasticity Index” has been questioned beeause its measurement depends on the 
assumption that cardiae stroke output is fixed during the test period. It is our 
purpose to demonstrate the validity of the “Arterial Elasticity Index” and use 
it in a study of chronologic aging, hypertension, and arteriosclerosis. 

The ratio of the change in arterial pulse pressure to the decrease in diastolic 
pressure resulting from amyl! nitrite inhalation forms the “Arterial Elasticity 
Index.” It is apparent that the reliability of this index depends upon a stable 
heart rate and a constant stroke volume during the critical period of measure- 
ment. In our studies stable heart rate was observed directly from arterial pulse 
tracings. A constant stroke volume was demonstrated by arterial pulse-contour 
analysis and by ballistocardiography. 

In a group of 114 “normal” subjects from 9 to 95 vears old, a rectilinear 
relationship between chronologic age and “Arterial Elasticity Index” was found. 
In 79 patients with arterial hypertension “Arterial Elasticity Indices” corre- 
lated well with chronologic age (P < 0.001), but not with the etiology or 
severity of the hypertension. An occasional hypertensive patient with asso- 
ciated diabetes and/or unusually severe or prolonged hypertension showed 
premature loss of arterial elasticity. Twenty-six other patients had conditions 
frequently associated with widespread arteriosclerosis: 8, intermittent claudica- 
tion; 2, hypothyroidism; 1, “pulseless disease’; 5, cerebrovascular accident; 4, 
premature senility; 5, myocardial infarction; 1, caleifie aortic stenosis. Twenty- 
three of these had “Elasticity Indices” above the upper limits of normal 
(+2 8.D.) for their respective age groups. In thirty-one diabetic patients pre- 
mature loss of arterial elasticity was demonstrated. Three young and relatively 
mild diabeties had a remarkable loss of arterial elasticity. 

Our study shows that hypertensive disease is not associated with premature 
arteriosclerosis. The apparent separation of hypertension into “elastic” and 
“inelastic” types is an illusion produced by the progressive arteriosclerotic 
changes of “normal” aging or associated disease, 


784 
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2. PLATELET FUNCTION IN POLYCYTHEMIA 


JosEPH P, ABRAHAM, M.D., Suirtey A. JOHNSON, PH.D., AND 
O. N. ULutinx, M.D., Detroit, Micu. 
(INTRODUCED By RayMonpD W. Monro, M.D.) 


Because of the lack of uniform opinion regarding the hemostatie defect in 
polycythemia, we have attempted to assess platelet function in this disorder. 
Prothrombin consumption and platelet thromboplastin generation studies were 
performed in untreated, controlled, and spent polyeythemics. Isolated platelets 
of the same patients were assayed for factor 3 activity. In view of the charae- 
teristic tendeney of polyeythemie clots to lose much of the red cell mass, a 
quantitative measure of red cell “fall-out” from the retracting clot was devised 
and applied to all patients. This involved, in essence, a determination of hemo- 
globin on the serum after removal of the clot. 

Results —Prothrombin consumption was normal when platelet counts were 
high, but defective when platelets were in normal range. This relationship was 
consistently observed both during a phase of thrombocythemia and again when 
platelets were in normal range. Isolated platelets were deficient in faetor 3 
activity, both on the assay and the platelet thromboplastin generation test. This 
deficiency was not corrected by mechanical disruption of the platelets. Red cell 
“fall-out” was excessive in polyeythemics, and this defect persisted when red 
cell mass and fibrinogen levels were within normal range. 

These data suggest that qualitative defects in the individual platelet may be 
masked by increase in the total number of platelets. They indicate that the in- 
dividual platelet in polyeythemia is deficient in factor 3 activity. They suggest 
that the platelet is abnormally fragile, and therefore not enough intact platelets 
survive the coagulation processes to play a proper role in clot retraction. Pre- 
liminary observations on platelet osmotic fragility are consistent with this 
thesis. 


3. THE EFFECT OF ANTIDIURETIC HORMONE ON 
THIRST REGULATION 


CarRL S. ALEXANDER, M.D., MINNEAPOLIS, MINN. 
(INTRODUCED BY DONALD S. AmMatuzio, M.D. 


Anderson has documented the existence of a thirst or drinking center in the 
hypothalamus adjacent to the site of ADH production. Evidence that: ADH 
directly affeets thirst is supported by the following experiments: Hydropenie 
rats with diabetes inspidus (DI) when subsequently allowed water ad lib. drink 
avidly, most of the water being excreted despite the water deficit. When vaso- 
pressin was given simultaneously with ad lib. water, the animals did not drink 
and continued to lose weight. This suggests that vasopressin suppressed drink- 
ing and thereby, paradoxically, aggravated the water deficit. In another experi- 
ment DI rats were allowed food and 1 per cent saline only to drink. Fluid 
exchange increased markedly in all six rats, reaching a maximum of 518 ml. per 
day. One rat developed massive anasarea which disappeared when the saline 
was replaced by water. Laragh produced ascites in DI dogs by constricting the 
thoracic inferior vena cava. However, this is the only known instance where 
abnormal water retention occurred as a result of spontaneous drinking in the 
absence of ADH and may represent an example of disturbed thirst regulation 
as well as ADH production. 

The salt-wasting syndrome in association with a mediastinal tumor has been 
attributed to inappropriate ADH production (W. Sehwartz and associates). 
Such an individual is now under observation. The findings thus far reveal that 





786 PROCEEDINGS OF THE THIRTY-SECOND ANNUAL MEETING J. Lab. & Clin Med 


November, 1959 


he is unable to exerete an acutely administered water load even when given 
aleohol intravenously. Large doses of 9-alpha-fluoro-hydrocortisone failed to 
correct the negative sodium balance but did cause hypokalemia. Two possible 
explanations for the syndrome which appear even more plausible than inap- 
propriate ADH excretion are: (1) disturbance in thirst regulation leading to 
excessive drinking (the cases described by Sehwartz and associates responded 
most effectively to water restriction), and (2) the secretion by the adrenal 
of a salt-exereting hormone. The administration of ADH to normal subjects on 
ad lib. water intake has been shown to produce temporary water retention, 
hyponatremia, and salt wasting with eventual escape. Such behavior is not 
observed in DI subjects, suggesting that ADII is suppressing thirst appro- 
priately in DI individuals but not in the normal subject. 


4. PERSISTENCE OF HOMOLOGOUS TISSUE REACTIONS FOLLOWING 
CROSS-TRANSFUSIONS OF DESICCATED LEUKOCYTES 


RicHarRpD H. ANDRESEN, M.D., CLARENCE W. Monror, M.D. (By INvitation), 
DorotHy A. Mappen, B.A. (By INviTaTION), AND SOPHIA PAPADOPOULOS 
By Invitation), Curcaco, ILL. 


Previous studies in rabbits showed that under specific circumstances it 
was always possible to eliminate the inflammatory and destructive effects of 
homologous tissue reactions within musculofascial cross-transplants. This was 
done by mutual cross-transfusions of fresh leukocytes from whole blood prior to 
grafting. The modification following cross-transfusions of leukocytes consisted 
of a fibrocollagenous encapsulation of the cross-transplant accompanied by vary- 
ing degrees of curious vascular penetration by the host in the conspicuous 
absence of inflammation. Additional studies revealed that cross-transfusion of 
leukocytes stored for 24 hours at +10° C. prior to transfusion elicited identical 
modifications of homologous tissue reactions to those following cross-transfusion 
of fresh leukocytes. 


In view of the capacity of some bacteria and viruses to retain antigenicity 
following desiccation, the following experiments were designed to show whether 
or not leukoeytes desiccated before cross-transfusion are capable of eliciting a 
modified host-homograft interaction similar to that observed 
transfusions of fresh or untreated stored homologous leukocytes. Leukocytes, con- 
centrated by the Ottesen-Kline method, of paired rabbits were desiccated at +10 
(. for 24 hours. Following this the dried cells were hydrated for one hour at 


following cross- 


room temperature. Four days following the mutual cross-transfusion of treated 
leukocytes, cross-homografts of museculofaseial tissues were implanted. Grafts 
removed two weeks later showed classical homologous tissue reactions consisting 
of lymphoeytie infiltration and angiitis superimposed upon the network of re- 
pair within the grafts. 

Therefore, homologous leukocytes, desiccated under these conditions, are 
incapable of modifying the recipient and thereby eliminating inflammatory 
features of the host-homograft interaction. 


5. AN EARLY DEFECT IN WILSON’S SYNDROME 


A. BarBeau, M.D. (By Ixviration), RicHarp W. Remtty, M.D. 
By INVITATION), AND JosepH B. KirsNer, M.D., Cuicaco, ILL. 


In a family with three siblings, the two older boys had classical Wilson’s 
syndrome. The third brother, aged 11 years, presented a unique opportunity 
for study of the early, asymptomatie form. Clinical evidence of hepatic disease 
was noted in 27 of 185 blood relatives of this family examined by us, 
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By history, general physical and neurological examinations, the boy ap- 
peared normal. The following laboratory tests were normal: liver function; 
blood counts, urea, creatinine, and urie acid clearances. Blood ceruloplasmin 
was 27.5 mg. per cent (normal greater than 23 mg. per cent). Total plasma 
copper was 137 wg per cent (usually below normal of 80 to 120 wg per cent in 
Wilson’s syndrome). Urinary copper averaged 65 yg per liter (normal 0-50 pg 
per liter in our laboratory); but exeretion was normal on 11 of 14 daily de- 
terminations. Chromatography of urinary amino acids revealed normal quanti- 
ties and patterns, but alpha-amino nitrogen values were 242 and 406 mg. per 24 
hours (upper limit of normal 250). The electroencephalogram was borderline 
normal; the Halstead Index of Biological Intelligence was 0.5 (compatible with 
moderate impairment of higher brain function). 

Liver biopsy indicated normal tissue histologically. However, rubeanic 
acid stains revealed very large amounts of copper. Renal biopsy demonstrated 
mild, nonspecific, chronic glomerulonephritis (electron microscopy) and tubular 
hydropie change, but no stainable copper. Three hundred microcuries of Cu" 
orally produced normally shaped blood concentration curves but higher than 
normal levels from 6 to 24 hours. Urinary excretion of copper was twice nor- 
mal and feeal excretion was 87 per cent of the ingested dose. Tryptophane 
load by mouth (2 Gm.) produced abnormal amounts of anthranilie acid and 
kynurenin in the urine. 

These data suggest that abnormal deposition of copper in the liver oceurs 
very early in Wilson’s syndrome, before ceruloplasmin deficit or histological 
cirrhosis can be demonstrated. They tend to support the hypothesis that ab- 
normal amino acid metabolism is an initial defect. We suggest that, as part of 
this defect, metabolites of amino acids may be formed in abnormal quantities, 
some promoting copper deposition in the liver and later inhibiting cerulo- 
plasmin. 


6. PULMONARY AND PERIPHERAL ARTERIOVENOUS SHUNTS 
IN PATIENTS WITH CLUBBED FINGERS 


F. A. BasHour, M.D., DaLuas, Texas 
(INTRODUCED BY DONALD W. SELpIN, M.D.) 


Eleven patients with clubbed fingers were studied. Blood samples for O, 
and CO, content, pH and PO, were obtained from brachial artery and cephalic 
vein. These determinations were made initially on room air breathing, after 
100 per cent oxygen breathing (20 minutes), and after exposure of the hand to 
iced water for 1144 minutes. In two patients, the effect of a peripheral vaso- 


dilator was studied. 


The arterial oxygen saturation on room air was 59 to 95 per cent (average 
86.6 per cent). The oxygen tension of arterial blood (P,0.) was 26 to 89 mm. 
He. The A-V oxygen difference across the hands was low, averaging 1.3 vol. 
per cent (range 0.3 to 3.55 vol. per cent); in only two instances was the A-V 
oxygen difference across the hands over 1.5 vol. per cent (A-V oxygen satura- 
tion difference over 5 per cent). 

After 100 per cent oxygen breathing, A-V oxygen content difference across 
the hands averaged 2.12 vol. per cent (range 0.03 to 6.11 vol. per cent). Arterial 
oxygen tension (P,0.) was determined in 6 patients. The alveolar-arterial 
(A-a) oxygen tension gradient revealed considerable intrapulmonary shunting 
in 5 patients. If systemic A-V oxygen difference of 4.3 vol. per cent is assumed, 
these shunts would range between 15.8-33.0 per cent of the cardiae output. 
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Exposure of the hand to iced water (5° to 8° C.) resulted in an inerease 
in A-V oxygen difference across the hand in 6 of the 7 patients; the average 
increase was 1.56 vol. per cent (11 per cent saturation). The effect of the 
vasodilator was insignificant. 

These observations demonstrate A-V shunting across the hands in patients 
with clubbing and suggest that many such patients show a significant intra- 
pulmonary shunt. In one patient (with hydatid cyst of the lung), the disturbed 
cireulation in both lung and periphery returned to normal following removal 
of the eyst. 

One must postulate, therefore, the existence of a reversible mechanism, 
capable of activating A-V shunts in the digits and associated in some way with 
similar shunts in the lung. 


7. AN EVALUATION OF THE RESPIRATORY RESPONSE TO 
BREATHING 7.5 PER CENT CO, IN AIR AS A TEST OF 


7. 
RESPIRATORY CENTER DEPRESSION 


(iEORGE N. BepELL, M.D., ANp Ropert S. Ro; enperG, M.A. (By INvitation), 
lowa Crry, lowa 


In an individual the magnitude of ventilatory response to elevation of Pago, 
is dependent upon: (1 the integrity of the respiratory center; (2) the 
presence of airway obstruction; and (3) other factors. We have studied the 
ventilatory response to inhalation of 7.5 per cent CO, of patients with lung 
disease and of 6 normal subjects, with and without airway obstruction. We 
measured the maximal breathing capacity (MBC) and the minute volume 
ventilation in response to inhalation of 7.5 per cent CO, in air (Veco) during 
the third minute in all subjects. In normals expiratory airway obstruction was 
produced by introducing segments 1 ineh in length and 7 mm., 5 mm., 3 mm., 
and 2 mm. in diameter. 


Normal subjects without airway obstruction had a mean MBC of 171 
L../min. and a mean Veco, of 35 L./min. The mean values with the 7 mm. air- 
way were MBC 88 L./min., Veco: 28 L./min.; with the 5 mm. airway, MBC 
50 L./min. VE», 20 L./min.; with the 3 mm. airway, MBC 35 L./min., Veco, 
17 L./min.; and with the 2 mm. airway, MBC 13 L./min., Veo, 7 L./min. 

Nine patients with emphysema, normal O, saturation and normal Pa,», had 
a mean MBC of 52 L./min. and a mean VxE,», of 24 L./min. Eight patients 
with emphysema, hypoxemia, and normal Pa,», had a mean MBC of 41 L./min. 
and a mean Vxr,,, of 25 L./min. Fifteen patients with emphysema, hypoxemia, 
and elevated Pa,,. had a mean MBC of 26 L./min. and a mean Ve,o, of 12 
L../min. We studied 49 other patients with lung disease. In these patients and 
in those with emphysema, decreased ventilatory response to increased Pa 
be explained on the basis of airway obstruction. 


co: can 

In 11 patients with obesity and in 15 patients with myxedema, all with 
normal O, saturation and Pa,,»,, the mean responses to breathing 7.5 per cent 
(‘O. were less than would be predicted on the basis of their MBC. Since their 
Pa... was normal, other factors than respiratory center depression and airway 
obstruction are implicated. 

A diminished ventilatory response to elevation of Pa,,, cannot be inter- 
preted as respiratory center depression without consideration of airway ob- 
struction. 
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8. FOLLOW-UP STUDIES UPON INFANTS WITH COARCTATION OF 
THE AORTA AND PATENT DUCTUS ARTERIOSUS 


M. ReMseEN Beuwrer, M.D. (By Invitation), FrRepERIcK D. Peterson, M.D. 
(By INVITATION), AND Davip GoLprRING, M.D., Sarnt Louts, Mo. 


It has been our feeling that infants born with coarctation of the aorta and 
an intra- or extra-cardiae shunt frequently develop congestive failure early in 
life which is resistant to intensive medical treatment. Surgical correction of 
the defects is, therefore, indicated as a lifesaving procedure. 

This is a report on 10 infants with the above malformations who were 
operated upon. Eight of these patients survived. Of these patients, 7 were 
in congestive heart failure, and one had a history of failure. Seven of the 8 
had marked systolic hypertension and the blood pressure gradients between the 
upper and lower extremities varied between 40 to 130 mm. Hg. 

Seven of the patients were + months of age and under at the time of opera- 
tion and 1 was 18 months old. Seven patients had a patent ductus arteriosus 
demonstrated at operation in addition to the coarctation. 

The survivors have been followed from 1 to 4 vears postoperatively and 
have been re-evaluated. The following information has been gathered: (1) No 
hypertension has been demonstrated in any patient. (2) Four patients have 
normal blood pressure gradients between the upper and lower extremities, and 
t patients have only a 10 to 20 mm. He gradient. (3) Four patients show 
definite evidence of an intracardiae defect (1 patient was shown to have an 
interventricular septal defect). In the remaining 4 patients there is no elinical 
evidence of additional cardiac defects. 

We feel that this experience reaffirms our conviction that early surgical 
intervention in infants with coarctation and additional eardiae defects is 
feasible and lifesaving. There are no indications that the coarctation was re- 
established in these patients during this period of follow-up. 


9 1 CONCENTRATION IN HUMAN FETAL THYROID GLAND 
FROM NUCLEAR WEAPONS TESTING 


WituiAmM H. Bererwautes, M.D., Horace R. Crane, Pu.D. (By Invitation), 
AupREY Wecst, M.S. (By INviration), NoRMA Sparrorp, A.B. (By 
INVITATION), AND Epwarp A. Carr, Jr., M.D., ANN ArBor, MICH. 


' from nuclear weapons testing has been found in the 
thyroid glands of adult farm animals, fetal sheep, and adult human beings. 
We have studied the concentration of I'*' in the:‘human fetal thyroid gland. 


Radioactive iodine, I 


Thirty-two human fetal thyroid glands from 28 pregnancies, 8 adult human 
thyroid glands, 25 adult and fetal hog thyroid glands, 12 reagent blanks, and 
specimens of snow, tap water and milk were analyzed for I'*' content between 
Noy. 12, 1958, and Aug. 1, 1959. I'*' was obtained from samples by a modifiea- 
tion of Barker’s method and counted in a windowless gas-flow counter in an 
anticoincidence umbrella in an old iron brick eave, yielding an uneanceled 


background count of 1.6 counts per minute. Samples showing activity greater 
than twice the background count were recounted weekly until the fall in count 
rate plateaued. Samples of known I'*! concentration were counted as standards. 


Radioactivity was found in thyroid specimens from all sources with a single 
half-life averaging about 8.4 days, and therefore compatible with I’"'. The 
maximum concentration was 265 pue per gram of fetal thyroid tissue, 29.1 ppe 
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per gram of hog thyroid tissue, and 22.9 pye per gram of adult thyroid tissue. 
The highest activity found on a reagent blank was 7.23 pyue. The median I 
concentration values were 5.53 ype per gram of fetal thyroid tissue, 2.4 pye per 
gram of hog thyroid tissue, 5.5 pue per gram of adult thyroid tissue with a 
median activity of 1.02 p»ye for the reagent blanks. Snow contained 11 ppe 
per 10 ml. 

Correlation of data on fetal pathology, age of fetus, thyroid status of 
mother during pregnancy, and frequency of nuclear weapons testing, with 
degree of concentration of I'*' in thyroid tissue revealed that only the fre- 
queney of nuclear weapons testing significantly affected the concentration of 
['"' in fetal thyroid. The caleulated maximum total radiation delivered to any 
fetal thyroid gland was 0.35 rad. Extrapolations from data of Bustad on 
sheep suggest that it is unlikely that this quantity of radiation would produce 
hypothyroidism or carcinoma of the thyroid gland. 


10. DIASTOLIC MOVEMENTS OF THE PRECORDIUM IN PATIENTS 
WITH MITRAL STENOSIS AND REGURGITATION; A NEW 
METHOD TO DETERMINE THE HEMODYNAMICS 
OF THE MITRAL VALVE 


A. Bencuimoi, M.D. (By Invitation), D. Waxman, M.D. (By Invitation), 
AND E. Grey Dimonp, M.D., Kansas Crry, Kan. 


The present study was carried out in order to determine the degree of 
stenosis or regurgitation of the mitral valve. Apexeardiogram-ACG (move- 
ment of the chest wall overlying the left ventricle) was recorded in 45 patients 
with mitral valve disease and in 30 normal controls. ACG analysis was made 
with special attention given to the diastolie filling wave which begins at the 
base of ACG and ends with the beginning of following systolic wave. When 
the filling wave rose sharply from its origin to a definite peak and then con- 
tinued to its termination at the beginning of the following systolie wave, the 
initial early filling component was designated rapid filling wave (RF W) and 
the delayed component was designated the slow filling wave (SFW). Angles 
that the RF W and SFW made with base line were designated rapid filling 
angle (R) and slow filling angle (S), respectively. Total angle (T) was de- 
termined by drawing a line from the base of the ACG to the summit of the 
following systolic wave and measuring the angle between this line and the base 
line. In order to compare those apex-cardiograms, with different amplitudes, 
the ratio of the T angles to the filling angles was caleulated. 

RE W was absent in 24 eases of proved mitral stenosis. S angle ranged 
from 10° to 30° (mean 22°) and T/S ratio ranged from 1 to 3. SFW was re- 
placed by RF W in 16 patients following mitral valvulotomy. R angle ranged 
from 31° to 75° (mean of 55°) and T/R ratio varied from 0.52 to 0.98. Twenty 
patients with dominant mitral regurgitation presented RFW with R angle 
ranging from 42° to 75° (mean 59°) and the T/R ratio ranged from 0.51 to 
0.98 (mean 0.77). Seven patients with mitral stenosis had Ry/V ratios from 
pulmonary wedge curves of less than 1.4 (Owen and Wood’s criteria) as well as 
apexcardiograms without rapid filling wave, and S angle ranging from 16° to 
32 

As a means of discretely separating predominant mitral stenosis from pre- 
dominant mitral regurgitation, this method seems to have as much value and 
reliability as the more complicated intracardiae approach. 
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11. ABSENCE OF ERYTHROCYTE GLUCOSE-6-PHOSPHATE 
DEHYDROGENASE DEFICIENCY IN CERTAIN 
PERUVIAN INDIANS 


WILLIAM R. Best, M.D., Cuicaco, Luu. 


Hereditary deficiencies of erythrocyte glucose-6-phosphate dehydrogenase 
(EGPD) have been found in a number of peoples, and Motulsky has suggested 
that a decreased susceptibility to falciparum malaria in deficient individuals 
might explain the persistence of this genetic defect in a population. The 
present studies were undertaken to accumulate more data which might bear on 
this problem. It was also planned to use EGPD deficiency as one of several 
measurements for the hematologic-anthropologiec study of certain Peruvian 
Indians in an attempt to clarify relationships with other ethnic groups, such as 
the eastern Polynesians as postulated by Heyerdahl in Kon-Tiki. EGPD was 
measured by the brilliant cresyl blue technique of Motulsky. Each of the three 
Indian groups measured has a small representation of Spanish ancestry, and 
some intermarriages with other tribes have taken place. The groups are: (1) 
Aymara-speaking; mostly descendants of the Lupaea tribe: 34 men (20 to 60 
vears) and 24 women (13 to 90 years) from the village of Jaillihuaya, altitude 
about 12,800 ft., near Puno and Lake Titicaca in the southern Andes of Peru; 
(2) Quechua-speaking; mostly descendants of the Colla tribe: 70 men (21 to 
69 years) and 50 women (18 to 72 years) from the village of Paucarcolla, 
altitude about 13,200 ft., also near Puno; (3) descendants of the Motilones (or 
Lamistas) tribe: 50 men (17 to 26 years) from the Tarapoto area, northeastern 
jungle foothills of the Andes, about 2,500 ft. altitude. This tribe was settled 
around a.p. 1440-1470 by a group of Chaneas who escaped from Inea domina- 
tion near Andahuaylas, about 8,000 ft. altitude in the southern Andes, and 
migrated to this area. 

Malaria, both vivax and falciparum, is common in the Tarapoto area. Vivax 
has occasionally been contracted around 8,000 ft. but not in the Puno area. 

In none of the 238 blood samples was EGPD deficiency noted. In sum- 
mary, EGPD deficiency was not noted in the highland Indians of southern 
Peru, where malaria has not been a problem, and apparently did not develop 
during 500 years after resettlement in a highly endemic area for faleiparum 
malaria. 


12. THE EFFECT OF IRON THERAPY ON CHRONICALLY TIRED, 
NONANEMIC WOMEN: A DOUBLE-BLIND STUDY 


EK. Beutuer, M.D., S. Larsu, M.D. (By INviraTION), AND 
C. W. Gurney, M.D., Cuicaco, IL. 


Chronic fatigue is one of the most common complaints encountered in 
clinical medicine. Often no organie disease can be found to aceount for the 
patient’s symptoms. It has been claimed repeatedly that iron therapy exerts 
a beneficial effect on the symptoms of such patients even when the hemoglobin 
level is within the normal range, but no controlled investigations have been 
carried out. We have recently demonstrated that in experimental animals iron 
enzymes may be affected by the iron deficiency state even when the hemoglobin 
level is normal or near-normal. This finding could lend a logical basis for the 
occurrence of symptoms in nonanemic iron-deficient patients. The current in- 
vestigation has been undertaken in order to determine whether the chronic 
fatigue from which nonanemic, otherwise healthy, women frequently suffer may 
be due, in some eases, to iron deficiency without anemia. Because of the sub- 
jective nature of the patients’ complaints, greatest care was taken in the design 
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of the study to eliminate bias. Each woman served as her own control: iron 
and placebo were administered alternately, the order of presentation being 
varied randomly. Clinieal observations of the patients were carried out without 
knowledge of whether the patient was receiving iron or placebo or what the 
patient’s plasma iron, iron binding capacity, or state of marrow iron stores was. 
Decreased marrow iron stores were used as the eriterion of iron deficiency. A 
significant increase in the average hemoglobin values of iron-deficient patients 
oceurred when iron was given; no hemoglobin rise occurred when placebo was 
given. The average hemoglobin level of patients with normal iron stores was 
affected by neither iron nor placebo. Of 22 iron-deficient patients, 15 achieved 
greatest symptomatie improvement with iron, 5 with placebo, and 2 were unim- 
proved. In contrast, of 7 nondeficient women, 5 improved more with placebo 
and only 2 improved more with iron therapy. The results of these studies 
suggest that in selected nonanemie patients iron therapy may exert a beneficial 
effect 


18. THE HYPNOTIC EFFECT OF A NEW PROPANEDIOL 
DICARBAMATE DERIVATE, W 5838 (A DOUBLE BLIND, 
DOUBLE DOSE STUDY 


Tipor Boot, M.D., Howarp A. Levy, M.D., JoHn H. Noprne, M.D., 
PHILADELPHIA, Pa. 
INTRODUCED BY JoHN HL. Moyer, M.D. 


W 583) (2-methyl-2-see-butyl-1, 3 propanediol dicarbamate) differs from 
meprobamate by an additional methyl group and has a more pronounced 
hypnotic activity 


It was nontoxie except for respiratory depression in animals 
given high doses. 


The hypnotic effect of this drug was investigated in 18 
human beings suffering from insomnia and night restlessness. A double blind, 
double dose technique was used, ineluding 200 and 400 mg. doses and two 
placebos. The hypnotie effect was evaluated in weekly periods by the onset, 
depth, and duration of the patient’s sleep. A known combination of 50 mg. 
pentobarbital and 200 mg. W 583 was also given for comparison, 
was graded and statistically analyzed. 

WM-3 capsules (400 mg. of W 583) showed the best response, 3.11, and 
WM-1 was next with 1.35. Wm-3 was significantly superior (p < 0.001) to the 
other 3 unknowns and in the same range (p 


The response 


0.09) of usefulness as the known 
combination of agents. Likewise WM-1 (200 mg. eapsules) was superior 
p< 0.01) to WM-2, and WM-2 and -4 were essentially equal (placebo 

WM-1 (200 mg. W 583) was mildly hypnotic, but doubling the dose brought 
out the highly significant hypnotie effect of this compound. Potentiation of 
pentobarbital by W 583 oeeurred. <A relatively slow onset of action (1 to 6 
hours) makes this drug suitable for those who are able to fall asleep but wake 
up during the night. Side effects were not observed. 


14. THE INSULIN-LIKE ACTIVITY OF CERTAIN NITROGENOUS 
COMPOUNDS 


Ropert KE. Bouncer, M.D., Kansas Crry, KAN. 


While studying the insulin-like activity of tissue extracts, by 
glucose uptake of paired hemidiaphragms of the rat, insulin-like activity of 
the media was traced to ammonium ion. 


using the 


This paper reports studies of insulin 
like activity of a number of nitrogenous compounds. In these studies glucose 
uptake from the media and glycogen content of the diaphragm were measured 


at the end of the incubation period. Significant increase in the glucose uptake 
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was produced by the following compounds at a concentration of 10° M: 
guanidine, l-alanine, |-isoleucine, and glycine. At a concentration of 10° M, 
ammonium, l-leucine, and l-arginine were active. 

All of the substances havine a strong effect on the glucose uptake also 
evoked a decrease in the muscle glycogen, in contrast to the effect of imsulin 
which is known to inerease glycogen. Several other amino acids not having an 
effect on the glucose uptake also decreased the glycogen. Guanidine completely 
reversed the epinephrine (0.1 y per milliliter) block on glucose uptake. In 
this respect it resembled the effect of phenoformin on the rat diaphragm. None 
of the substances tested potentiated the effect of insulin on the glucose uptake, 
and guanidine reversed the insulin effeet on glycogen. 

Normal postprandial sera consistently caused an increase in the glycogen 
content of the diaphragm. This would seem to refute the hypothesis of other 
workers that the insulin-like activity of human plasma is due to its amino acid 
content. The possibility that pathological levels of guanidine may predispose 
to hypoglycemia in the late phases of diabetic renal disease must be considered. 

Stimulation of the glucose uptake of the rat diaphragm is thus a property 
shared by many substances; however, insulin is the only substance tested which 
increases glucose uptake and glycogen content simultaneously. 


lbs. THE HEMODYNAMICS OF THE VALSALVA MANEUVER 
IN NORMAL AND PREGNANT SUBJECTS 


RicHarp W. Bootru, M.D. (By INviration), Henry C. MELLEtTTE, M.D., Px.D. 
(By IxviratTion), Epwarp D. Swiss, M.D., PH.D. (By Ixvrration 
AND JOSEPH M. Ryan, M.D., CoLUMBus, OnI0 


Pressure and flow changes induced by forced expiration (40 mm. Hg for 
40 seconds) were studied in 21 normal (10 males and 11 females) plus 5 
pregnant (seventh month) subjects. Right atrial, arterial and intraoral 
pressures were measured. Indicator dilution cardiae outputs were obtained 5, 
15, and 25 seconds after institution of the Valsalva, at release, plus 4 inter- 
spersed controls. Mean cire dation time (MCT), central blood volumes (CBV), 
total peripheral resistances (TPR), and net atrial pressures were calculated. 

During the strain, net arterial pressures decreased and cardiae output 
dropped 30 to 50 per cent from control despite tachyeardia. CBV decreased, 
MCT and TPR increased. At the time of release arterial pressures showed the 
usual increase over control with a bradyeardia. Pregnant females showed a 
normal pressure response to the Valsalva but the degree of change was less 
marked compared to normal females. At release the cardiae output of both 
normal and pregnant females increased significantly over control while males 
returned only to resting level. MCT usually decreased, TPR returned toward 
normal, but the CBV remained depressed in 70 per cent of males but only 36 
per cent of females. 

The following conclusions were reached: 1) Both flow and_ pressure 
changes were of greater magnitude in normal females than in males. (2) In 
this study the form and size of the dye curves and henee resultant flow seemed 
to be determined between 5 and 15 seconds after indicator injection. (3) 
(ross systolic pressure failed to show the expected drop during the maneuver 
in one-third of all subjects, pointing out the difficulty of interpreting the “bed- 
side Valsalva” in congestive failure. (4) As the maneuver is prolonged to 25 
seconds the flow in males returns toward normal to a greater extent than in 
females. This “breakthrough phenomenon” may explain the lack of flow over- 
shoot in males at release and may indicate that 40 mm. intrathoracic pressure is 
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greater stress to females than males. (5) Apparently reliable indicator dilu- 
tion curves with exponential slopes and gross recirculation were obtained 
despite injection done during changing states, e.g., at the time of release. 
16. THE IMMUNOELECTROPHORETIC CHARACTERIZATION 
OF AGAMMAGLOBULINEMIC STATES 


Roperr A. Bripces, M.D. (By Invitation), AND RosBert A. Goop, Px.D., M.D., 
MINNEAPOLIS, MINN. 


Agammaglobulinemia, in both its congenital and aequired form, has been 
defined by a variety of morphological, physiological and immunological criteria. 
An aceurate identification of both of these forms requires the application of 
several of the more ineisive methods within each of these three parameters. 
Utilizing the microimmunoelectrophoretic technique of Scheidegger we have 
made an analysis of & patients with the congenital form and 5 patients with 
the acquired form of the disease. The technique allows a rough approximation 
of the amount of 7S gamma globulin present. These levels have agreed well 
with the values obtained by the standard quantitative precipitin determination 
and the limiting sensitivity of the method. The two beta-2 globulins, previously 
reported to be absent or greatly diminished in agammaglobulinemia, have not 
been demonstrated in patients with the congenital disease, while 3 of the 5 
patients with the acquired form have one or the other of these two proteins. 
Two additional proteins not previously described (mobilities of beta-2. or 
gamma-l globulins) have been partially characterized in these patients. These 
proteins are quite probably genetically determined and their incidence in 
agammaglobulinemia is very different from that of the normal population. 


17. INTERACTIONS BETWEEN PLATELETS AND INFLUENZA VIRUS 


Goronwy ©. Broun, Jr., M.D. (By INviration), Mary ANN BocKELMAN, A.B. 
(By INviration), Sr. M. LAuREEN Harris, B.S. (By Invitation), 
Sr. M. Leo Rrra Vouk, M.S. (By Ixviration), AND GORONWY 
O. Broun, Sr., M.D., Sr. Louis, Mo. 


Influenza virus infection as observed by one of us during the 1918 pan- 
demic and confirmed during the recent Asian influenza epidemic is associated 
with moderate decreases in the platelet count in human beings. Decreases are 
most marked in the first 24 hours after onset and return to normal levels usually 
occurs by the fifth day. Decreases were moderate, and purpuric skin lesions 
were not observed. We have also been able to show a fall in platelet counts in 
mice inoculated intravenously or intranasally with a strain of influenza virus 
which is virulent for this species. Motulsky has reported that human platelets 
are agglutinated by several strains of influenza virus in vitro at 4° C. We have 
confirmed this finding and in addition have shown that the agglutination occurs 
at 22° and 37° C. 


Suspensions of human platelets were prepared from blood, drawn with 
siliconed equipment and EDTA as anticoagulant, by differential centrifugation 
at 4° ©. A-Weiss-1943 influenza virus was used. It was suspended in chicken 
allantoie fluid or partially purified in saline after adsorption onto and elution 
from chicken RBC. 

Mixtures of virus and platelets produced agglutination of the platelets 


‘ 


after incubation at 4°, 22°, and 37° C. It appears therefore to be a phenomenon 
whieh could oceur in warm-blooded animals in vivo. With very high concen- 
trations of virus, there was also apparent destruction of platelets. Thus, the 
adsorption of virus by platelets differs from the agglutination of red cells by 
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influenza virus in several ways, particularly in the stability of the bond at 37 
C. Agglutination of platelets by virus is accompanied by a decrease in hemag- 
glutination titer and virus infectivity in the supernatant fluid. We will discuss 
the quantitative aspects of this reaction in terms of platelet and virus concentra- 
tion and the possible role that this phenomenon may play in the control of in- 
fluenza viremia. We will also consider possible relationships to platelet function 
in the clotting mechanism. 

We will diseuss the effect of influenza virus on platelets from various 
animal species and its relation to susceptibility to influenza virus infection. 


18. A NEW SPECIFIC GENETIC TOOL 


J. Marton Bryant, M.D., AND Ricuarp C. Bozran, M.D. (By INviraTion ), 
New York, N. Y., AND NASHVILLE, TENN. 


In previous publications from this laboratory, 4 electrocardiographie pheno- 
types (L-L, L-R, R-R, and R-L), identified by the sequence of intraventricular 
activation, have been identified in man. These phenotypes are characterized by 
right or left-initial septal with right or left-late free wall activation. The data 
upon which these observations are based were obtained in Virginia, Tennessee, 
New York, and Michigan. The distribution of phenotypes, in 1,035 subjects 
(635 healthy subjects and 400 cardiae patients) of heterogenous racial back- 
grounds, was not influenced by regional location, age, or sex. However, heart 
disease of moderate or severe—but not minor—degree definitely altered the 
distribution. 

Analysis of the electrocardiographie pedigrees of 45 families, some of which 
included 4 generations, with a total! population of 302 subjects, suggests the 
following tentative impressions: (1) The 4+ phenotypes represent clear-cut, 
easily recognizable entities, suitable for evaluating as a hereditary trait. (2 
The phenotypes appear in filial generations consistent with 4 theoretical geno- 
types following the laws of simple Mendelian heredity. (3) Each genotype 
behaves in a fashion suggesting the presence of 2 pairs of alleles—one pair de- 
termines the sequence of septal activation and the other pair late free-wall 
activation. (4) Initial left-septal activation is dominant over initial-right septal 
activation, and late right free-wall activation over that of the left free-wall. The 
dominant and recessive characteristics of the genotypes can be conveniently 
represented by the following symbols: Ll, LR, rR, and ri. (5) Only the 
homozygous recessive genotypes always correspond to the phenotypes. 


The potential significance of these preliminary observations, if confirmed by 
more extensive investigations, is obviously relative to their possible bearing on 
congenital and acquired heart disease, as well as other aspects of clinical 
medicine and human geneties. 


19. DIGITAL PRE- AND POSTCAPILLARY VASOCONSTRICTION AND 
VASODILATATION RESKMBLING PRE- AND POSTGLOMERULAR 
ARTERIOLAR FUNCTION IN THE KIDNEY 


G. E. Burcu, M.D., New Or.EaAns, La. 


It is known that the vascular system of the digits of intaet man undergoes 
continuous spontaneous variations in volume. Among the five spontaneous 
variations in volume previously quantitatively defined were the alpha and beta 
deflections. These deflections are controlled by the sympathetic nervous system 
and are not related to variations in arterial blood pressure, such as the Traube 
Hering waves. 
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By means of rheoplethysmography (RPG) it was found that whenever the 
alpha deflections were ascending digital inflow was inereasing, and when de- 
scending digital inflow was decreasing. Also, ascending beta deflections indicate 
increases in digital volume and deseending beta deflections indicate decreases in 
digital volume. Sinee descending and ascending alpha deflections are found 
superimposed upon both ascending and descending beta deflections, a descend- 
ing alpha deflection superimposed upon an ascending beta deflection indicates a 
decrease in digital inflow due to net constriction of precapillary vessels at the 
same time that there is net dilatation of posteapillary vessels. An ascending 
alpha deflection superimposed upon a deseending beta deflection reflects net 
dilatation of precapillary vessels and greater digital inflow simultaneously with 
net constriction of posteapillary vessels. Thus, in general, alpha deflections 
reflect net variations in caliber of precapillary vessels and beta deflections reflect 
net variations in caliber of posteapillary vessels. 

This was further tested by RPG recordings obtained during a single pulse 
evele when the alpha deflection was descending and beta deflection ascending. 
Digital inflow was relatively low and posteapillary collecting vessels rapidly 
accommodated the inflowing blood. The RPG a short time thereafter, when an 
alpha deflection was ascending and the beta deflection descending, showed rapid 
inflow due to net preeapillary vasodilatation, but the volume inflow (I,) curve 
rapidly became horizontal because of net posteapillary vasoconstriction resulting 
in relatively low capacity and high tone of collecting vessels. 


Thus, digital and pre- and posteapillary vessels behave in a manner similar 
to afferent and efferent glomerular arterioles which regulate the rate of 
glomerular capillary filtration. In addition, this type of integration in ealiber 
of the pre- and posteapillary vessels is probably concerned with regulating 
capillary filtration and reabsorption and flow of interstitial fluid and lymph. 


20. PHYSICAL PROPERTIES OF SINGLE ELASTIC FIBERS 


Ropert W. Carron, M.D., AND JOHN DAINAUSKAS, CHICAGO, ILL. 
INTRODUCED BY C. Bruce Tayuor, M.D. 


Elastic tissue is thought to be important in the mammalian body because 
of its physical properties. Measurements of these physical properties have not 
been entirely satisfactory, however, because elastic tissue always occurs mixed 
with other tissues. In the past, therefore, it has been separated chemically 
from the accompanying collagen prior to stress-deformation measurements, or 
the mixed tissue has been measured as a whole. Both procedures interfere with 
a true evaluation of the properties of elastie tissue itself. Furthermove, elastic 
tissue always occurs in networks or meshworks, and one does not know from 
measurements on these structures how much of the elasticity to ascribe to ar 
rangement of the fibers and how much to the inherent longitudinal elasticity of 
the fibers themselves. 

lor these reasons we have dissected free individual elastic fibers from the 
ligamentum nuchae of cattle. These fibers are 200 to 600 microns in length and 
average 9 microns in diameter. Under a dissecting microscope one can measure 
their foree-deformation characteristics apart from variables of contaminating 
tissue and arrangement. 

We have measured the lengthening due to foree in fresh elastic fibers from 
the ligamentum nuchae of six oxen and compared this with fiber behavior after 
exposure to formic acid for 20 hours. We have also compared the elastie be- 
havior of single isolated fibers with fibers as they occur in strips of fresh liga- 
mentum nuchae. Each of these groups behaves reproducibly and shows: (a 
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The elastic behavior of individual elastic fibers can be measured up to 130 per 
cent extension. The foree-deformation curves exhibit typical ‘“rubberlike 
elasticity.” (b) This elastic behavior cannot be shown to be altered by exposure 
to 88 per cent formic acid for 20 hours. (c¢) Single fibers are somewhat less 
extensible than fibers arranged in fiber networks (in strips). Hence a positional 
factor is also invoked to explain the elastie behavior of strips. 

Such information is applicable to problems of tissue elasticity involving 
the human lung, urinary bladder, and blood vessels. 


21. THE PARALLEL IN VIVO AND IN VITRO BEHAVIOR OF 
HUMAN CONNECTIVE TISSUE CELLS 


C. Wintuiam Castor, M.D., ANN ArBor, MICH. 


While the sequence of events leading to initiation and resolution of simple 
inflammation has been explored histologically, knowledge of the coneurrent 
metabolic events has been more elusive. Information concerning factors con- 
trolling the initiation, maintenance, and termination of the inflammatory process 
is of particular importance in relation to the connective tissue diseases charac 
terized by relentless progression of the inflammatory process. 

Histochemical and analytical chemical data suggest that the reparative 
phase of inflammation is characterized by cellular proliferation, accumulation 
of mucopolysaccharides, and finally by collagen fiber deposition. In the present 
experiments, connective tissue cells derived from human synovial tissue were 
grown in monolayer cultures in a semisynthetie medium. During the growth 
of such cultures, sequential measurements were made of cell numbers, total cell 
mass, and total culture protein. Concurrent chemical analyses of the culture 
medium provided information concerning hexose consumption, lactic acid pro 


duetion, and production of a uronie acid-containing mucopolysaccharide. 

Rapid cellular proliferation was closely associated with synthesis of in- 
creasing amounts of acid mucopolysaccharide, and in several instanees by ap- 
parent fiber formation in mature cultures. During the early phase of culture 
proliferation nearly all of the hexose consumed could be accounted for as lactic 
acid, suggesting that glycolysis will supply the energy necessary for mucopoly- 
saccharide synthesis. 


While the gross similarity of the sequential events in the reparative phase 
of inflammation and the proliferating cell culture could be coincidental, it 
appears worthy of exploration as a potential tool for studying the events of the 
inflammatory process in an isolated form. 


22. RE-EVALUATION OF THLE PLASMA HEMOGLOBIN 
CONCENTRATION IN NORMAL HUMAN SUBJECTS 


H. CHapurn, Jr., M.D., G. E. Hanks, M.D. (By Invitation), AND M. CASSELL, 
B.S. (By Invitation), St. Louts, Mo. 


The authors have reeently devised a method for blood collection which 
greatly diminishes artifactual hemolysis. The benzidine method for hemoglobin 
measurement has been further modified to vield a tenfold increase in sensitivity, 
permitting reliable measurements in the range 0.2 te 2.0 mg. of hemoglobin 
per 100 ml. of plasma. With the aid of the above methods a new range of values 
for maximum plasma hemoglobin concentration in normal subjects has been 
defined (mean 0.31 mg. per 100 ml., range 0.16 to 0.58 mg. per 100 ml.). 

A number of physiologic variables have been examined in the normal subject 
to determine their effect uper the plasma hemoglobin concentration. Sleep 
ordinary ambulatory activity, alimentary hyperlipemia, and the normal 
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menstrual eyele were not associated with plasma hemoglobin values outside the 
above-deseribed normal range. Various physiologic stresses were then studied : 
circulatory stasis in the forearm (for ten minutes at 25 and 46° C.), induced 
fever and dehydration, labor and parturition, parenteral administration of 
Adrenalin and of nicotinic acid, and the brief violent neuromuscular and cireu- 
latory activity incident to electroconvulsive shock therapy—all yielded normal 
values for plasma hemoglobin concentration. The only factor found to alter the 
plasma hemoglobin level in normal subjects was strenuous exercise. Following 
ten minutes of violent exercise, laboratory personnel exhibited a two- to three- 
fold rise in plasma hemoglobin values, which returned to normal levels over the 
succeeding 40 minutes. Sustained violent exercise among professional basket- 
ball players during a league contest resulted in values over 15 times the mean 
for normal subjects. The possibility that the plasma pigment in exercised 
subjects may be myoglobin rather than hemoglobin is under consideration. 

The stability and the low base-line level of the plasma hemoglobin concentra- 
tion under normal cireumstaneces have important implications for an under- 
standing of normal erythrokineties. If the mathematical interpretation of 
plasma hemoglobin disappearance curves recently proposed by Garby and Noyes 
is accepted, the present authors’ data indicate that less than 10 per cent of the 
nermal daily destruction of senescent erythrocytes occurs within the vascular 
compartment. 


23. VENTRICULAR ANEURYSM FOLLOWING MYOCARDIAL 
INFARCTIONS: RESULTS OF SURGICAL TREATMENT 


Don W. CHapMan, M.D., AND DentTON A. CooLey, M.D. (By INvitration ), 
Hlouston, TEXAS 


Aneurysm of the left ventricle is one of the most common late cardiae com- 
plications of severe myocardial infarction. Although rupture of the aneurysm 
is uncommon, the effeet upon cardiac function may be serious, producing a 
striking reduction in eardiae output. The paradoxical action of the noneon- 
tractile sae during systole dissipates the foree of the remaining unaffected myo- 
cardium. Cardiae catheterization confirms these observations in revealing a 
reduced cardiae index and evidence of circulatory stasis in the left atrium re- 
flected by inereased pulmonary wedge and pulmonary arterial pressures. 

During the past two years nine patients were operated upon for post- 
infaretional ventricular aneurysms after intervals varying from three months 
to three years following coronary occlusion. Seven survived operation and 
were clinically improved. Comparison of cardiae catheterization data before 
and after operation demonstrated a striking improvement in all patients studied. 
No essential change in the electrocardiographie tracings was noted postopera- 
tively. Marked reduction of the cardiac size and return toward a normal 
silhouette were noted in all patients. The possibility of utilizing open surgery 
in the repair of postinfarctional myocardial aneurysms is suggested for a more 
definitive form of treatment. 


24. BACTERIOLOGIC DIAGNOSIS OF URINARY TRACT INFECTION; 
RESULTS WITH A QUANTITATIVE METHOD OF URINE CULTURE 


GEorRGE F. CLABAUGH, M.D. (By INvitration), PAuL S. Ruoaps, M.D., AND 
Doris M. Apair (By Inviration), CHuicaco, Iu. 


Several reported studies have indicated that some contamination from the 
anterior urethra occurs in a high percentage of urine specimens for culture 
whether collected by catheterization or by “clean-voided” techniques. In the 
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present state of our knowledge the distinction between contamination and actual 
infection ean best be accomplished by quantitative cultures of very carefully 
obtained specimens. The present study was undertaken to try out a quantitative 
technique, simple enough to be used in hospital practice for its efficacy in dis- 
tinguishing between contamination and actual urinary tract infections in 
catheterized specimens from female patients. There were 130 specimens from 
111 patients. The culture method consisted in the spreading of urine over the 
surface of plates of solid media and counting the colonies after incubation. 

It was found that the higher the bacterial count the greater the relative 
number of patients at that range who by other clinical indices presented a 
picture of urinary tract infection. This was expected. It was further observed 
that bacterial counts tended to fall below 100 or greater than 100,000 colonies 
per milliliter (the limits were not sharp) with relatively few between. This 
phenomenon has been observed by others. It was concluded that one could not 
take a single figure as the dividing line between infection and contamination but 
that below 100 colonies per milliliter the probability of contamination and not 
actual infection was high, and above 100,000 the probability of actual infection 
was high. Between these figures one must rely on the clinical picture as a 
whole. The culture method itself proved to be technically easy and accurate 
enough for the wide range of bacterial counts obtained. 


25. HEPATIC STORAGE OF GLUCOSE DURING GLUCOSE INFUSION 
IN DOGS WITH PORTACAVAL SHUNTS 


Burton ComBes, M.D., LEONARD L. Maptson, M.D., WILLIAM STRICKLAND, M.D., 
AND REUBEN ADAMS, DALLAS, TEXAS 
(INTRODUCED BY JACK A. PRitcHARD, M.D.) 


The effect of glucose infusions on hepatic glucose balance was determined 
to examine the participation of the liver in the handling of a carbohydrate load. 
Dogs with portacaval shunts were used, thereby permitting measurement of 
hepatic rather than splanchnic glucose changes. Hepatie glucose balance was 
caleulated from measurements of hepatie blood flow and arteriohepatic venous 
glucose coneentration differences. After control determinations, changes in 
hepatic glucose balance were measured at 10-minute intervals for 90 minutes 
during a glucose infusion. 

Net hepatic glucose output (I1GO) decreased promptly in 10 dogs given 
glucose. Ten minutes after glucose (25 to 235 mg. per minute) was started, 
HGO had decreased from a mean control of 50.8 to 26.9 mg. per minute. At 
this time arterial glucose concentration had inereased from a mean control of 
81.8 to 92.4 mg. per cent. HGO continued to decrease and in 7 dogs an actual 
net uptake of glucose by the liver was observed. This positive balance was 
found initially at a mean arterial glucose concentration of 115.6 mg. per cent, 
an inerement of 36.3 mg. per cent above control. Once positive balanee was 
established, it persisted throughout the remainder of the glucose infusion. In 
3 dogs, the liver continued to store glucose despite an arterial concentration 
which, ‘after an intial rise, was decreasing. 


The slow intravenous administration of glucagon-free insulin (0.1 unit per 
kilogram per hour) for 40 to 60 minutes prior to starting an infusion of glucose 
with insulin resulted in hepatie glucose storage at a mean arterial concentration 
of 92.9 mg. per.cent, an increment of only 16.8 mg. per cent above fasting con- 

~ trol values. In one dog initial storage occurred when arterial glucose was 12.8 
mg. per cent lower than the control value of 82.5. 
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These data indicate that the liver responds rapidly to a glucose load first by 
decreasing its net glucose output and then by actually storing glucose. These 
changes are apparently mediated by insulin which is seereted in response to a 
rising blood sugar. Quantitatively, these hepatie effects are significant, the 
liver accounting for as much of the infused glucose load as peripheral utiliza- 
tion 


26. EFFECT OF DIETARY CHOLESTEROL UPON SERUM LIPID 
LEVELS IN MAN 


Winuiam E. Connor, M.D. (By Invitation), AND Rosert E. HopGes, M.D., 
lowa Crry, lowa 


Dietary cholesterol is considered to have little influence on serum lipid levels 
in man but, conversely, alters greatly the serum lipids of experimental animals. 
This species difference was studied in 6 healthy human subjects under metabolic 
ward conditions for 21 weeks. After 5 weeks of a general diet 3 subjects (group 
A) were given a formula diet with 1.7 to 4.8 Gm. of cholesterol supplied by egg 
volk and 3 subjects (group B) were given a cholesterol-free diet. The diets 
of all periods were balanced as to calories and fat (40 per cent of total calories). 
The iodine number of the fat fed each group was the same (90). One subject 
in each group was given only 20 Gm. protein per day. After 74 days the 
groups were reversed: group A was fed a cholesterol-free diet and group B 
a high cholesterol diet. The study concluded with a general diet. Cholesterol, 
phospholipid, and triglyceride determinations were made twice weekly on serum 
drawn in the fasting state. 

For group A the mean serum cholesterol rose 30 mg. per 100 ml. from the 
general to the high cholesterol diet and then fell 102 mg. on the cholesterol-free 
diet. For group B the mean serum cholesterol fell 61 mg. per 100 ml. from the 
general to the cholesterol-free diet and rose 55 mg. when the high cholesterol 
diet was fed. Serum phospholipid and triglyceride changes paralleled the 
serum cholesterol changes. Serum cholesterol changes did not correlate with 
nitrogen balances. The serum cholesterol of the subject given the low protein 
but high cholesterol diet increased 36 mg. per 100 ml. Two subjects in group 
\ lost weight on the high cholesterol diet while their serum cholesterol in- 
ere ased 

These results indicate that the presence or absence of egg volk in the diet 
greatly affects the serum lipid levels. Since the fat content (amount and iodine 
number) was the same for both the high cholesterol and cholesterol-free diets, 
the cholesterol content of the ege volk lipids was apparently the responsible 
substance 


‘'T OF AGING ON LIPOGENESIS BY TILE SKIN 


Joun A. D. Cooper, M.D., Pu.D., AND WituiaAm A. HoLLANp, M.S. (By 
INVITATION ), CHIcaco, ILL. 


The rate of formation of long chain fatty acids by abdominal skin of 
Sprague-Dawley rats of different ages has been studied in vitro by 3-hour in- 
cubation of a tissue mince with radiocarbon-labeled acetate. The incorporations 
expressed in terms of per cent radiocarbon label present in the fatty acids per 
100 mg. of skin nitrogen are as follows: 1-month-old rats, 7.71 per cent; 2-month- 
old rats, 4.25 per cent; 4-month-old rats, 5.03 per cent; 8-month-old rats, 2.46 
per cent; 2-vear-old rats, 2.29 per cent. The value for the 2-month-old rats is 
significantly less than that for the l-month- or 4-month-old rats. The same 
relative changes are observed if incorporation is based on milligrams of fresh 
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skin or milligrams of dry skin. The mechanism by which the diminished syn- 
thesis is brought about is not clear. It may be related to endocrine changes 
which oceur in the rat with aging. 


28. CARDIOVASCULAR SURVEY OF A WEST INDIAN NEGRO 
POPULATION 


A. C. Corcoran, M.D., RoLAND A. SCHNECKLOTH, M.D. (By INvitration ), 
KENNETH Stuart, M.D., AND Fetrx Moore, Pu.D. (By Lxvitation ), 
CLEVELAND, OHIO, KINGSTON, JAMAICA, AND ANN ARBOR, MICH. 


Predisposition of the American Negro to hypertensive vascular disease has 
been variously interpreted as genetic and environmental; suggested environ- 
mental factors are psychosocial status and sodium intake. Complexities of these 
variables in the United States led to a survey of the cardiovascular s.atus of a 
relatively unmixed Negro population, living in a uniform, apparently stable, 
simple and noncompetitive society in St. Kitts, West Indies. 

The group consisted of nearly 1,700 laboring villagers aged 20 to 49 vears; 
age and sex distributions of the sample corresponded to those of the island 
population. Distributions of arterial pressures resembled those of Negroes in 
urban Bahamas and rural Georgia. They differed from those of white popula- 
tions in greater “prevalences” of hypertension, particularly among women. 
Urine analyses indicated that sodium chloride excess was not a determinant of 
diastolic hypertension. Diastolic hypertension in women occurred as a sequel 
to toxemia of pregnancy and was also associated with infertility. Major 
parameters of hypertensive disease were evaluated; the data show practicality 
of assessment of relative severity of this disease in a field survey. 

Serum cholesterol concentrations, measured caloric intakes, and proportion 
of diet calories as fat, especially animal fat, were lower than in North America. 
Symptoms and electrocardiographic signs of ischemic heart disease were un- 
common. Blood hemoglobin concentrations were lower; serum proteins were 
higher than North American averages, a difference attributable to high gamma- 
globulin concentrations. 

The data provide base lines for studies in other Negro populations. They 
confirm the Negro’s predisposition to hypertension and suggest that this is 
primarily genetic. Such a factor may account in part for the low prevalence 


of ischemic heart disease; however, this is probably also influenced by diet and 
physical activity. 


29) A LONG-TERM FOLLOW-UP OF THE RENAL FUNCTION OF 
HYPERTENSIVE PATIENTS TREATED BY 
ADRENALECTOMY 
ARCHER P. Crosuey, Jr., M.D., EArt S. BARKER, M.D. (By Invitation). AND 
JoHN K. CuarK, M.D. (By INviration), PHILADELPHIA, PA. 


Approximately 10 years ago the Renal Section was requested to evaluate 
the renal status of a number of patients who had the following characteristics : 
(1) progressive grade 3 to 4+ hypertension, (2) unresponsiveness to medical 
therapy at that time, (3) borderline renal function as determined by usual 
clinical methods (blood urea nitrogen, concentrating ability, phenolsulfon- 
phthalein, and urea clearance). Based on determinations of glomerular filtra- 
tion rate, effective renal plasma and blood flow, and in certain instances Tmpan, 
it was decided that 17 patients had no contraindication to hypertensive therapy 
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by means of subtotal or total adrenalectomy. Of these 17 individuals, 7 have 
subsequently died or have been lost to follow-up. The remaining 10 patients 
have had intermittent evaluation of their renal function, utilizing those tests 
which determined their preoperative selection, over the past 914 years. The 
most recent observations show that there has been a significant reduction in mean 
arterial blood pressure (P < .001) associated with a significant decrease in renal 
peripheral resistance (P < .01). Furthermore 7 of the 10 patients have shown 
either no progression or an improvement in their renal functional status. 

Such results suggest that in selected hypertensive patients subtotal or total 
adrenalectomy may be of value in preventing further renal damage and in re- 
versing the increased renal vascular resistance frequently associated with hyper- 
tension. 


30. CONTINUOUS VENA CAVAL INFUSION OF PENICILLIN IN THE 
TREATMENT OF REMARKABLY RESISTANT SUBACUTE 
BACTERIAL ENDOCARDITIS CAUSED BY 
STREPTOCOCCUS FECALIS 


James W. CuLBERTSON, M.D., AND Murpuy A. CHESNEY, Mason USAF (MC) 
(By INviraTION), Mempuis, TENN. 


Two decades ago, bacterial endocarditis was an almost uniformly fatal 
disease. One decade ago it was apparent that most patients with Streptococcus 
viridans infections could be eured with penicillin. Reeently, physicians have 
been plagued with therapeutic problems of resistant organisms buried in the 
endocardial vegetations. Judged by the number of patients involved, the most 
important of these has been the Str. fecalis. 

A 34-year-old white bakery worker underwent uterine dilatation and curet- 
tage in a community hospital because of metrorrhagia, and the scrapings were 
reported as necrotic decidual tissue. Subsequently she experienced persistent 
malaise and mild fever, developed a right pleural effusion, and showed positive 
tubereulin skin reaction. Admission examination at a district tuberculosis 
hospital revealed mitral stenosis and insufficiency, bilateral pleural effusion, 
anemia, accelerated erythrocyte sedimentation, and nail-bed petechiae. Blood 
cultures yielded a gram-positive coccus, identified ultimately as Str. fecalis. 
The first course of treatment lasted 46 days and ineluded 378 million units of 
penicillin intramuscularly and 162 grams of novobiocin orally, followed by 
prompt clinical and bacteriological relapse. A second therapeutic course spanned 
38 days and comprised intermittent intravenous penicillin 1,500 million units, 
streptomyein 54 Gm., and novobiocin 40 Gm., supplemented by oleandomyein 
and triacetyloleandomycin. Within 10 days she relapsed again and then was 
transferred to the City of Memphis Hospitals. We gave her 60 million units of 
penicillin daily by continuous drip into the inferior vena cava through a poly- 
ethylene catheter for 42 days (total 2,520 million units), with oral probenecid, 
and intramuscular streptomycin-dihydrostreptomyecin 60 Gm. and chlorampheni- 
col 88 Gm. in 44 days. Four months after completion of this third course she 
had manifested no clinical or laboratory evidence of relapse, had gained weight, 
and was feeling well and working regularly. 


Subsequently we consulted with Dr. Lester Goldsmith about another patient 
who had broken through intensive penicillin-streptomycin therapy. He then 
treated her as described above, with apparent success, inasmuch as she has not 
relapsed during seven weeks following cessation of therapy. Continuous in- 
tensive intravenous penicillin therapy, supplemented by a second bactericidal 
drug, appears important in these stubborn endocardial infections. 
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31. GLYCOLYTIC REACTIONS IN THE HEART DURING AND 
FOLLOWING ANOXIA 


WiturAmM H. DanrortH, M.D. (By INvitTaTION), SIEGFRIED NAEGLE 
(By INviraTION), AND Ricuarp J. Bina, M.D., St. Louts, Mo. 


This study is concerned with the effects of temporary interruption and re- 
sumption of coronary flow on the glycolytic pathway in neart muscle. A previ- 
ous report from this laboratory has demonstrated that concentrations of glyco- 
gen and adenosine triphosphate (ATP) diminish progressively in the completely 
anoxic dog heart. Simultaneously, the concentrations of hexosemonophosphate 
(HMP), inorganie phosphorus, and lactic acid rise. The present study confirms 
these observations and shows that the myocardial concentration of fructose 1,6 
diphosphate (F-1-6-P) and dihydroxyacetone phosphate (DHAP) also fall 
during anoxia. The results indicate that phosphofructokinase is a rate-limiting 
enzyme under these conditions. 

If, after 15 minutes of anoxia, the dog heart is perfused with oxygenated 
blood, rapid resynthesis of glyeogen and ATP oceurs with a concomitant fall in 
HMP. Glyeogen and ATP usually approach preanoxie levels within two 
minutes, but fall if the perfusion is continued. This secondary decline can be 
prevented by the addition of sufficient potassium chloride to maintain cardiae 
arrest. HMP concentration remains low during reperfusion with oxygenated 
blood even during periods of rapid glyeogenolysis. 

Perfusion of an already anoxie heart with a deoxygenated buffer solution 
hastens glycogenolysis while causing a decline in concentrations of HMP and 
lactic acid. The latter diffuses into the perfusate; however, HMP does not. 
Neither F-1-6-P nor DHAP inereases during anoxie perfusion. This increase 
in glycogenolysis may result from the washout of lactie acid, thereby altering 
a regulatory mechanism similar to that proposed by Cori and Cori to take place 
during muscle contraction. The conditions of anoxie perfusion also favor 
phosphofructokinase substrate saturation so that the net rate of the reactions 
from HMP to lactie acid is increased over that of the nonperfused anoxic heart. 

In summary, phosphofructokinase is a rate-limiting enzyme during myo- 
eardial anoxia; if perfused with oxygenated blood the heart can rapidly re- 
synthesize glycogen and ATP after 15 minutes of anoxia; perfusion with a de- 
oxygenated buffer solution increases the rate of glycogenolysis and produces a 


fall in HMP. 


SERUM SULFATION FACTOR ACTIVITY IN PATIENTS WITH 
SKELETAL GROWTH IMPAIRMENT 
WituiAM H. DauauHapay, M.D., FRANCE ALEXANDER, M.D. (By Invitation ) 


Ropert Uticer, M.D. (By INviITaTION), AND JOHN Herwec, M.D. 
(By Invitation), St. Louis, Mo. 


, 


Sulfation factor is the growth hormone dependent component of normal 
serum which promotes the incorporation of sulfate-S** into chondroitin sulfate 
by cartilage from hypophysectomized rats in vitro. Sulfation factor has been 
assaved in the sera of 33 patients exhibiting severe retardation of skeletal 
growth. 


Twenty-one of our patients presented no evidence of gross hypophyseal 
lesions or extrahypophyseal conditions which could explain the growth failure. 
Gowth hormone deficiency was suggested by sulfation factor activities less than 
0.3 times the reference normal serum. Four of these subjects subsequently 
achieved normal growth rates or better following treatment with small doses of 





804. PROCEEDINGS OF THE THIRTY-SECOND ANNUAL MEETING J. Lab. & Clin. Med 


November, 1959 


human growth hormone for periods from 2 to 11 months. Review of the clinical 
and laboratory data often failed to provide evidence of panhypopituitarism 
which would distinguish some of these patients from “primordial” dwarfs. In 
the remaining 9 patients higher levels of sulfation factor were found indicating 
incomplete growth hormone deficiency or other causes of growth failure. One 
1l-vear-old girl with a height age of 6 years and normal sulfation factor activity 
failed to increase skeletal growth during 22 weeks of treatment with human 
growth hormone. 

The growth failure in 12 other patients was associated with clearly evident 
extrahypophyseal diseases. Sulfation factor activities greater than 0.5 times 
normal reference serum were found in the serum of 5 of 7 patients with gonadal 
agenesis with retarded growth, and in one case each of neurofibromatosis and 
congenital heart disease. Low levels of sulfation factor activity were present 
in the serum of an untreated eretin but in one cretin after treatment normal 
levels were found. The sulfation factor level was 0.28 and 0.39 in two patients 
following operation on a craniopharyngioma. 

Conclusion.—The measurement of sulfation factor activity aids in the 
recognition of pituitary growth hormone deficiency in syndromes of growth re- 
tardation. Preliminary experience indicates that it may be a helpful guide for 
the selection of patients for long-term treatment with human growth hormone. 


33. CARCINOLD SYNDROME WITH NORMAL 5-HYDROXYINDOLE- 
ACETIC ACID EXCRETION 


RicHarp B, Davis, M.D., ANp J. C. RoSENBERG, M.D., MINNEAPOLIS, MINN., 
WitrH THE TECHNICAL ASSISTANCE OF C. SALEM, B.S. 
(INTRODUCED BY CEcIL J. Watson, M.D.) 


Determination of urine 5-hydroxyindoleacetic acid (5-HIAA) has been 
widely used for diagnosis in cases of the carcinoid syndrome; 5-HIAA has 
almost invariably been increased, and a qualitative adaptation of the test to 
measure total 5-hydroxyindoles is said to be uniformly positive. 

The patient, a 25-year-old unmarried woman, was noted to be anemic, with 
guaiae positive stools in 1955, but proetoscopy and upper and lower gastro- 
intestinal series were unremarkable. She first noted flushing attacks in the 
summer of 1956. In September, 1958, a qualitative test for 5-hydroxyindoles 
was negative. At laparotomy in January, 1959, an ileal carcinoid, 1.5 em. in 
diameter, was resected. Liver metastases were present, and flushing attacks 
were unchanged after operation. Subsequently 56 urine specimens were assayed 
for 5-HIAA, over 3 months. The range of excretion was 0.5 to 7.9 mg. per day, 
with a mean of 3.8 mg. per day. N-acetyl 5-hydroxytryptamine and 5-hydroxy- 
indoleaceturic acid, cther known serotonin metabolites in the urine of patients 
with careinoid syndrome, were not identified by paper chromatography. 
Similarly, after B-glueuronidase incubation the urine showed no inerease in 
serotonin concentration. Total 5-hydroxyindole exeretion in the urine was 9.6 
and 3.7 mg. per day on two occasions, thus excluding a tumor producing ex- 
cessive 5-hydroxytryptophan. Plasma 5-HIAA concentration averaged 0.17 yg 
per ml. (four determinations), and the blood urea nitrogen was 16, suggesting 
that renal 5-HIAA exeretion was not significantly impaired. The 
metastases contained 92 pg of serotonin per gram. 


tumor 


Serum serotonin was 0.94 ug per milliliter (mean of eight determinations; 
normal 0.10 to 0.32 ug per milliliter), and plasma serotonin was 0.04 yg per 
milliliter (mean of six determinations). A skin test with serotonin was nega- 
tive, and no increase in urinary 5-HIAA after intravenous reserpine occurred, 
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although there was a delayed rise in plasma 5-HIAA, and an immediate rise in 
serum serotonin. 

Other pertinent procedures showed an elevated urinary tryptophan ex- 
cretion, increase in pepsin production, and diminished exeretion of urine catechol 
amines. 

Treatment with cyproheptadine, a new serotonin antagonist, and isolated 
hepatie perfusion with 10 mg. of HN. effected no clinical or chemical evidence 
of remission. . 

34. URINARY EXCRETORY FUNCTION IN COMBINED ANTERIOR 
AND POSTERIOR PITUITARY INSUFFICIENCY 


FRANCESCO DEL Greco, M.D. (By INviraTtion), AND Epwarp Biae, M.D., 
CuHicaco, Iu. 


Patients with panhypopituitarism or Addison’s disease respond to water 
loading with minimal diuresis. This has been attributed to greater antidiuretic 
hormone (ADH) activity, or to primary or secondary removal of 11,17-hydroxy- 
corticosteroids. A study was undertaken in a patient with diabetes insipidus 
and anterior pituitary insufficiency to evaluate the effects of (1) sodium intake, 
(2) vasopressin, (3) hydropenia and osmotie (mannitol) diuresis before and 
after a course of cortisone and hydrocortisone. The following functions were 
studied: urine flow (V), plasma and urine osmolality (Posm, Uosm), solute out- 
put (UosmV), urinary Na coneentration (Uy,), and minute output (Uy,V) 
osmolal (Cosm), free water (Cy,o0) and endogenous creatinine (Co,) clearances. 
During high sodium intake Ups decreased, whereas V, UosmV and Cy,o greatly 
increased. These changes were promptly reversed by low sodium intake. The 
antidiuretic response to vasopressin (Pitressin) was not affected by high or 
low sodium intake, nor by steroid treatment. Induction of osmotic diuresis fol 
lowing this treatment. produced marked inereases in V, UosmV, Usa, Usa¥. 
Cosm decreased; C,, did not change. 

In conelusion, the polvuria of diabetes insipidus is not dependent on the 
lack of ADH alone, but also on the renal exeretory load. The antidiuretic 
response to exogenous vasopressin is not affeeted by 11,17-hydroxycorticosteroids. 
These hormones in the absence of ADH activity may increase diuresis by causing 
greater excretory load and/or by decreasing tubular reabsorption of solute 
free water. 


35. MAGNESIUM METABOLISM IN HYPERTILTYROIDISM 


Ricuarp P. Dor, M.D. (By Ixviration), EpMuND B. FLINK, M.D., Pu.D., AND 
ANANDA S. Prasap, M.D. (By INvitation), MINNEAPOLIS, MINN. 


It is known that thyroxine increases the oxidation of glucose without a 
corresponding increase in high energy phosphate bond formation (uncoupling 
of oxidative phosphorylation). More recently it has been shown that magnesium 
deficiency in animals is also associated with uncoupling of oxidative phospho- 
rylation. This study was undertaken to gain further information about the 
controversy as to whether serum and ultrafiltrable magnesium levels are low 
in hyperthyroidism as reported by some laboratories or normal as reported by 
others. 

Seven subjects with diffuse toxie goiter were studied before and after sue- 
cessful I'*' therapy. The mean serum magnesium level was low, 1.57 mEq. per 
liter, and rose significantly to 1.92 after therapy, and the mean ultrafiltrable 


magnesium concentration rose from 0.92 to 1.06 mEq. per liter. In addition, a 
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rise in erythroeyte magnesium concentration from 3.53 to 3.88 mEq. per liter 
was noted. An elevation of erythrocyte sodium was noted during the toxie state 
(20.6 mEq. per liter) with a return to normal after the subjects became 
euthyroid (14.9 mEq. per liter). The erythrocyte potassium was 100.3 mEq. 
per liter and underwent a significant drop after therapy to 97.4. 

Three subjects with toxic nodular goiter were also studied. The serum and 

ultrafiltrable magnesium levels were not low (2.06 and 1.26 mEq. per liter, re- 
spectively) and are actually high normal. Erythrocyte sodium concentration 
however was elevated similarly to the diffuse hyperplasia group. 
Collection of samples anaerobically with ultrafiltration under 5 per cent 
tension did not cause a significant change in the ultrafiltrable magnesium 
values obtained when compared with paired samples handled without anaerobie 
precautions. 


CO 


Conclusions.—(1) Total and ultrafiltrable serum magnesium levels are low 
in diffuse toxie goiter and these values return to normal with successful therapy. 
2) Toxie nodular goiter has normal to elevated serum magnesium concentra- 
tions. This finding may aid in explaining some of the conflicting reports in the 
literature. (3) Both forms of hyperthyroidism have elevated erythrocyte sodium 
levels 


36. PROLONGED SURVIVAL OF DYSTROPHIC MICE 
TREATED WITH NORETHANDROLONE 


Ropert M. DowsBen, M.D., Cuicaco, ILL. 
INTRODUCED BY A. R. CoLWELL, M.D.) 


Dystrophie mice, a strain 129 mutant which suffer from a hereditary dis- 
ease resembling human muscular dystrophy, given 0.5 y per gram body weight 
norethrandrolone in corn oil by stomach tube 3 times weekly beginning at 5 
weeks of age had a median survival (ST; .) of 22 weeks in contrast to control 
dvstrophie mice which had a ST;, of 13 weeks. In animals treated with 5.0 y 
per gram norethandrolone the ST;, was 33 weeks. Force pair fed controls had 
a ST, of 15 weeks. Animals given 5.0 y per gram 17a-ethyl-A*-androstenediol- 
3a,17B-3-propionate intramuscularly weekly had a ST;_. of 20 weeks. 

Norethandrolone does not result in a reversal of loss of musele function 
occurring before the start of treatment; it seems only to retard the progress of 
the disease. Presumably its action is not due to androgenic activity because 
animals receiving 0.5 y per gram testosterone propionate intramuscularly three 
times weekly had a ST;, of 15 weeks, not different statistically from the ST so 
of the control mice. The mechanism of action of norethandrolone is not thought 
to be related to the increased endogenous synthesis of creatine which follows its 
administration. 


37. METABOLIC EFFECTS OF BLOOD VOLUME REPLACEMENT 
WITH WHOLE BLOOD AND ERYTHROCYTE FREE SOLUTIONS 
IN DOGS WITH HEMORRHAGIC SHOCK 


WituiAmM R. Drucker, M.D., Wittiam D. Houpen, M.D. (By Invitation), 
Nancy HormMann, B.S. (By Invitation), AND BRYANT KINGSBURY 
(By INviTATION), CLEVELAND, OHIO 


Considerable alteration in the metabolism of glucose occurs during hemor- 
rhagie shock, presumably due to decreased tissue oxidation. The blood concen- 
trations of glucose, pyruvie and lactie acids, and inorganic phosphorus increase 
and the pH decreases. Reinfusion of the withdrawn blood causes a rise in 
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blood pressure and a marked improvement in the metabolic abnormalities. The 
importance of the erythrocyte mass in achieving this beneficial result remained 
to be determined. 

The present study compares, in dogs, the metabolic effect of restoring the 
blood volume both with and without replacement of the red cell mass. Redue- 
tion of the mean arterial blood pressure by hemorrhage to 50 and 30 mm. Hg 
by the Selkurt-Wiggers technique resulted in a substantial rise in blood glucose, 
pyruvie and lactie acids, lactate/pyruvate ratio, inorganic phosphorus and a 
fall in pH. If the blood volume was not replaced, or if saline was substituted 
for reinfusion of whole blood, the animal died without any improvement in 
metabolism. However, when the blood volume was reconstituted by either the 
withdrawn blood or by dextran in saline, the metabolie alterations returned to 
or near the control values. Improvement was similar with the use of blood or 
dextran. Dogs whose blood volume was reconstituted with dextran reflected the 
failure to restore red cell mass, by a marked fall in hematoerit to 11-29 per 
eent. 

The results suggest that sufficient numbers of erythrocytes remain following 
severe hemorrhage to provide adequate tissue oxidation if an effective cireu- 
lating blood volume is restored. Replacement of the red cell mass, lost during 
experimental hypotension, was not required to promote improved glucose metab- 
olism. 


38. OBSERVATIONS UPON THE OVERSHOOT-PHENOMENON 
FOLLOWING POSTURAL HYPOTENSION 


Harriet P. Dustan, M.D., Perer R. IMuor, M.D. (By Invitation), 
Roy C. Lewis, M.B. (By Invitation), AND IRVINE H. Pace, M.D., 
(CLEVELAND, OHIO 


There may be considerable source of error in recording blood pressure 
following an episode of postural hypotension as the systolic and diastolic values 
may rise above control levels upon resumption of the supine position. This 
phenomenon is referred to as “overshoot”; it occurs in normal people and 
hypertensive patients of various origins. This phenomenon has been investi- 
gated in 25 adults, 20 hypertensive and 4 normotensive; 1 had diabetic neurop- 
athy involving the autonomic nervous system. Twenty persons received 
Guanethidine intravenously (0.5 mg. per kilogram), which appears to produce 
a substantial fall of standing pressure in continuously treated patients. One 
patient was treated with oral Eecolid. Four persons received no hypotensive 
drugs before the tests. Blood pressure was continuously recorded through an 
indwelling polyethylene catheter in the brachial artery, transduced through a 
Statham gauge to a Sanborn recorder. The blood pressure response was 
examined in all persons on a tilt table at 60 degrees. They all exhibited a 
postural hypotensive response and 15 showed the overshoot phenomenon which, 
expressed as a percentage of the pretilt control pressures, averaged 21 per 
cent (5 to 72 per cent) for systolic and 13 per cent (2 to 45 per cent) for 
diastolie pressure. The overshoot peak appeared at 214 minutes (14% to 4 
minutes) following resumption of the supine position; the duration of the whole 
pressor phase averaged 7 minutes (31% to 12 minutes). This overshoot has two 
distinct phases: first, a transient slight elevation of systolic and diastolie pres- 
sure, lasting 15 to 20 seconds, occurred immediately after completion of the 
tilt. This initial response is considered to be due to increased venous return, 
since it did not occur, or was greatly decreased, when venous pooling was pre- 
vented by using an antigravity suit. Second, the main element of this pressor 
phase, which is prolonged for several minutes, is thought to be caused by 
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eatecholamine release induced by orthostasis. 


The overshoot phenomenon can 
be abolished by 


administration of adrenolytie drugs (Regitine, 5 mg. in- 
travenously) immediately prior to, or during, the tilt procedure. The overshoot 
phenomenon is believed to have important clinical significance, emphasizing the 
need of prolonged recumbency before recording pressures, especially in patients 
receiving drugs likely to cause postural hypotension. 

39. ENZYMATIC ACTIVITY OF THE ISOLATED GLOMERULUS IN 
NORMAL AND NEPHROTIC RATS 


Unricu C. Duspacu, M.D. (By INvitaTion), AND LILLIAN REcANT, M.D., 
Sr. Louis, Mo. 


Recent observations have provided evidence that the glomerulus is the site 
of the earliest renal lesion in aminonucleoside-induced nephrosis, with altera- 
tions evident prior to development of proteinuria (Reeant and Harkin). Such 
data adduced by electron microscopy show, in addition, progressive involvement 
of the glomerulus with duration of the disease. In view of the possible action 
of the aminonucleoside as an antimetabolite of adenosine, it seemed of interest 
to investigate the biochemical activity of the glomerulus. This paper is con- 
cerned with the definition of the normal enzymatic complement of the 
glomerulus and the alterations occurring with nephrosis. 

Six animals with nephrosis of varying stages of severity (75 to 216 mg. pro- 
teinuria per day) were prepared with 6 pair-fed control animals of the same 
age, sex, and weight. The microchemical methods of Lowry were adapted for 
study of kidney tissue. Single glomeruli (0.015 to 0.11 »g weight) and tubules 
were dissected at a magnification of x90 from rapidly frozen-dried sections of 
28» thickness and analyses were made of the following enzymes: 


alkaline 
phosphatase (AP’tase 


lactie dehydrogenase (LDII), malice dehydrogenase 


(MDH), isocitrie dehydrogenase (ICDH), glucose-6-phosphate dehydrogenase 
(G-6-DH) and hexokinase (HK). 
protein. 
hour. 


Reference base lines were dry weight and 
Activities were expressed as M substrate utilized per kilogram per 


In normal glomeruli the highest activities found were MDH (32 + 1.7 
LDH (26.6 + 3.0). AP’tase (3.07 + 0.33) and ICDH (4.92 + 0.49) were next, 
and HK (0.53 + 0.03) and G-6-DH (1.19 + 0.098) enzymes were least active. 
Glomerular activities differed significantly from tubular enzymes. Nephrotie 
glomeruli showed a marked decrease in AP’tase activity (P 0.01), while 
G-6-DHL activity showed an equivalent rise (P < 0.005). LDH (P 0.05) 
and MDI (P 0.01) activity were also increased. . ICDH and HK showed 
insignificant changes. In order to determine whether the glomerular enzyme 
changes in the nephrotic were part of a general pattern of reaction or were 
more specific, spot enzymatie assays of pancreas and adrenal were done. 

The observations made suggest the following: 


and 


(1) the normal glomerulus 
inay have relatively active oxidative metabolism, while its glycolytic components 
may be somewhat less important, and (2) with the development of nephrosis, 
glomerular enzymatic changes occur which appear to follow a specifie pattern 
with progression of the disease. 


10. INHIBITION OF GLUCONEOGENIC ACTION OF CORTISOL IN 
VITAMIN B,-DEFICIENT RATS 
ALBERT B. EISENSTEIN, M.D., St. Louts, Mo. 


Recent reports suggest that gluconeogenie action of cortisol may depend 
upon increased activity of liver glutamic pyruvie transaminase (LGPT) enzyme 
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system which results from administration of the hormone. If this hypothesis 
is correct, glucocorticoid activity of cortisol should be less in animals depleted 
of vitamin B, than in normal animals since pyridoxal phosphate is the cofactor 
for the enzyme. The experiment described here was carried out to compare 
the effect of cortisol on liver glycogen deposition in vitamin B,-deficient rats 
with that in intact animals. 

Young male Sprague-Dawley rats were fed a pyridoxine-deficient diet for 
52 days. Control animals were pair fed the same diet to which pyridoxine was 
added. During the last week, half the animals of each group were given 5 mg. 
of cortisol subeutaneously daily while those remaining were injected with 
diluent. Food was withheld on the final day, and 10 hours before animals were 
sacrificed an additional injection of cortisol or diluent was given. Duplicate 
samples of liver were taken for glycogen determination and the remainder 
homogenized for measurement of LGPT activity and protein content. 

Cortisol administration to control rats resulted in a marked increase in 
hepatie glycogen content. When the hormone was given to vitamin B,-deficient 
rats, however, the increase in liver glycogen was considerably smaller and 
significantly less than that which oceurred in controls (P < 0.001). Adminis- 
tration of cortisol to control rats also induced a considerable elevation of LGPT 
activity but in vitamin B,-deficient rats the rise in enzyme activity following 
cortisol was small and significantly less than that which was observed in con- 
trols (P < 0.001). 

Previously, gluconeogenic action of adrenal steroids has been attributed 
entirely to their chemical structure. Results of this study show, however, that 
moleeular configuration is not the only factor which determines glucocorticoid 
activity since in vitamin B,-deficient rats liver glycogen deposition following 
cortisol was considerably less than that which occurred in normal rats. Thus, 


it is evident that gluconeogenic activity of adrenal hormones depends not only 
on their chemical structure but upon the nutritional state of 


the recipient 
animal as well. 


41. THE INFLUENCE OF HEPATIC AND TITYROID FUNCTION ON 
RESPONSE TO INSULIN: A NEW METHOD FOR 
MEASURING INSULIN SENSITIVITY 


IfaRoLy Evrick, M.D., C. J. Huap, Jr., M.S., ano Y. Arar, M.S.. 
DENVER, COLO. 


(INTRODUCED BY RosBert J. GLASER, M.D. 


The current method for measuring insulin sensitivity or tolerance is based 
on the per cent fall of the fasting blood sugar following an intravenous dose of 
regular insulin (0.1 unit per kilogram body weight). We have developed a 
new test of insulin responsiveness which is a kinetie one, avoids hypoglycemia 
and employs a much smaller dose of insulin. The new method is based on 
our finding that the blood glucose disappearance rate constant (K, 0.0366 ) 
during a constant intravenous glucose infusion is not significantly different 
from the glucose disappearance rate constant (K,. 0.0391) immediately 
following the cessation of the glucose infusion. Thus, if insulin is administered 
at the end of the glucose infusion, the difference between the two rate constants 
(K. — K,) represents the influence of insulin on glucose disappearance. Ten 
per cent glucose is administered intravenously (3.5 ml. per minute) with an 
infusion pump for 60 minutes and immediately thereafter 3 units of regular in- 
sulin are given intravenously. Capillary blood for glucose analysis is obtained 
at 5- or 10-minute intervals during the glucose infusion and following the 
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insulin. The rate constants are calculated according to a new method of data 
analysis (slope analysis). 

Studies were carried out in 44 “normal” patients, 30 patients with paren- 
chymatous liver disease, 9 thyrotoxie patients, and 6 patients with myxedema. 
The response of the patients with liver disease was significantly different from 
that of the normals: The normals showed a significant increase in the difference 
(K K,) (mean: 58 per cent), whereas the liver cases showed no significant 
increase (mean: 12 per cent). The response of the thyrotoxie patients to 
insulin was greater than of the normals (mean inerease in K: 91 percent). In 
contrast, the patients with myxedema showed little or no response to insulin. 

The new test has certain theoretical and practical advantages over the cur- 
rently used insulin tolerance test. The initial findings demonstrate in a 
dynamie way the marked influence of hepatic and thyroid funetions on the 
blood sugar response to insulin. The implications of the findings and the ap- 
plicability of the technique to various disease states as well as action of drugs 
will be discussed. 


2. THE NATURAL HISTORY OF INFECTIOUS MONONUCLEOSIS: 
AN EPIDEMIOLOGIC HYPOTHESIS 


ALFRED S. Evans, M.D., Mapisox, Wis. 


A concept of the natural history of infectious mononucleosis has emerged 
from an intensive study of this disease over the past five years in over 250 
students at the University of Wisconsin. The hypothesis is based on the follow- 
ing observations: (1) the disease is of low apparent contagiousness in this 
young adult population; (2) the hematologic and serologic changes are usually 
well deveioped at the time of hospital admission or within five days thereafter, 
indicating that it is later than we think in the stage of illness when clinical 
symptoms appear; (3) the ineubation period from exposure to the onset of 
systemic symptoms is of the order of one month; (4) the heterophile-positive 
and heterophile-negative illnesses represent the same disease: there are no im- 
portant qualitative differences between them but quantitatively the heterophile 
positive cases are more severe in a number of ways. 

A theory of pathogenesis will be presented which explains many of the 
unique epidemiologic and clinical aspects of infectious mononucleosis. The 
main element of this theory is that there is an abortive, primary phase charac- 
teristic of childhood and a later, secondary glandular phase characteristic of 
the young adult. The former has a short incubation period, frequently an un- 
characteristic clinical picture that does not permit diagnosis, and in childhood 
a high infectiousness leading to widespread immunity; the latter may have a 
long, apparent incubation period because the primary phase may be absent, is 
of low apparent contagiousness because there are more immune individuals 
from childhood infection than susceptibles, and is characterized clinically by 
systemic lymphatic involvement, hematologie changes, and, if severe enough, 
by the appearance of heterophile antibody. 


43. BILE ACID EXCRETION IN MAN FOLLOWING TILE 
ADMINISTRATION OF THYROID HORMONES 


Ropert B. Faitey, Jr., M.D., INDIANAPOLIS, INp. 
(INTRODUCED BY WILLIAM H. Bonpb, M.D.) 


The bile acids have been shown to be the principal excretory products of 
cholesterol, and the chief acids found in man are cholic, ehenodeoxycholie, and 
deoxycholic. In view of the reciprocal relationship between serum cholesterol 
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level and the degree of thyroid activity, studies were undertaken measuring the 
effect of 3:5:3' triiodothyronine upon the composition of biliary bile acid. 
Studies were made over a 24-hour period. Eight medicated patients were 
studied by intubation and bile was obtained by duodenal drainage. Dosage of 
3:5:3’ triiodothyronine varied from 200 to 500 meg. and was administered 
either orally or intravenously in a single dose. Hydrolyzed bile was separated 
on Celite columns, and the individual bile acids were subsequently measured 
colorimetrically and speetrophotometrieally. 

All patients studied showed a consistent fall in the ratio of chenodeoxy- 
cholie to cholie acid. The maximal fall was noted two hours after administra- 
tion of the drug. This appears to be one of the earliest demonstrable effects 
of thyroid hormone. Values had returned to or exceeded control levels at the 
end of 24 hours. No consistent or significant effect on deoxycholie acid excre- 
tion was noted. Four unmedicated controls were similarly studied, and no 
consistent or significant effect on the ratio .f chenodeoxycholie to cholie acid 
was noted. Five medieate patients with postoperative choledochostomy drain- 
age showed no consistent or significant effect in the ratio of chenodeoxycholic 
to cholie acid such as was seen in the intact, intubated patients. 

This consistent pattern of bile acid excretion in the intact patients medi- 
cated with 3:5:3’ triiodothyronine is different from that reported in the bile 
fistula rat. given desiccated thyroid. To elucidate this problem further, studies 
employing 3:5:3’ triiodothyropropionie acid are in progress and will be re- 
ported. 

Bile acids in the bile are excreted as conjugates of glycine or taurine. 
Hyperthyroidism, liver disease, and choledochostomy drainage all may modify 
the conjugation processes and may underlie differences in exeretion between 
intact and choledochostomy patients. Further studies in this area are in 
progress and will be reported, 


44. AN INTRAVENOUS TOLBUTAMIDE TEST AS AN ADJUNCT IN 
THE DIAGNOSIS OF FUNCTIONING PANCREATIC 
ISLET CELL ADENOMAS 


STEFAN S. Fasans, M.D., AND JEROME W. Conn, M.D., ANN ARBor, MicH. 


The effeet of intravenous sodium tolbutamide (1 Gm. or 30 mg. per kilo- 
gram) on blood sugar levels was studied in patients with (1) proved insulomas, 
2) suspected insulomas, (3) severe adrenal insufficiency (off glucocorticoids, 
on desoxveorticosterone), (4) cirrhosis, and (5) in healthy subjects. 

Five tests in four patients with insulomas showed a fall in blood sugar to 
levels below 26 (mean 19) mg. per 100 ml., a 63 (50 to 79) per cent decrease 
from fasting levels. Ninety to 180 minutes after tolbutamide administration, 
blood levels were still below 33 mg. per 100 ml., a depression of 46 (34 to 60) 
per cent. 

In 9 healthy subjects the lowest blood sugar level was 31 (mean 45) mg. per 
100 ml. The maximum decrease was 43 (21 to 62) per cent. At 90 to 120 
minutes levels were above 63 mg. per 100 ml., a decrease of 9 (0 to 22) per 
cent. Insulomas were strongly suspected in two patients but finally ruled out. 
The lowest blood sugar after tolbutamide was 43 mg. per 100 ml. (46 per cent 
fall). At 90 to 180 minutes levels were above 62 mg. per 100 ml. (depression 
of 0 and 9 per cent). Seven tests in 5 patients with adrenal insufficieney dis- 
closed decreases to a mean of 37 (lowest 27) mg. per 100 ml., a depression of 
49 (37 to 63) per cent. However, at 90 to 180 minutes all levels were above 
54 mg. per 100 ml., a mean depression of 11 (0 to 22) per cent. In cirrhoties 
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the maximum fall was less marked while later decreases were in the same range 
as in adrenal insufficiency. 

The most important finding in this study is persistence of the tolbutamide- 
induced hypoglycemia for 3 hours in the insuloma patients. This persistence 
of hypoglycemia is of much greater significance than the degree of hypo- 
glycemia induced. This phenomenon may serve as a valuable adjunct in the 
diagnosis of insulomas. The degree and duration of the hypoglycemia suggest 
release of excessive amounts of insulin from these adenomas. 


5. EFFECTS OF HUMAN AND BOVINE GROWTIL HORMONE IN TWO 
HYPOPHYSECTOMIZED DIABETIC PATIENTS 


S. FANKHAUSER, M.D. (By Invitation), F. C. Gorrz, M.D. (By INviration 
AND B. J. KENNEDY, M.D., MINNEAPOLIS, MINN. 


Recent studies have emphasized the species specificity of the biologie effects 
of pituitary growth hormone. Lipid-mobilizing and ketogenic effeets in the 
human being have been established, but it is not clear whether these are primary 
properties or are secondary to some modification of carbohydrate metabolism. 

The action of growth hormone (G. H.) on carbohydrate metabolism and 
blood lipids was investigated in two hypophysectomized diabetic patients. The 
first subject, who required insulin, was given bovine G. H. (Somar-A, Armour 
intramuscularly in a dose of 50 to 200 mg. per day for 7 days. There was a 
pronounced increase of blood sugar and urine glucose levels. Blood 
nonesterified fatty acids (NEFA 


ketones, 
, and total lipids were significantly elevated 
during this period. In the second subject, who required no insulin, human 
(. Hl. (Merck) administered intramuscularly in a dose of 10 mg. a day for 4 
days resulted in a similar effeet on glucose values and NEFA; in addition, 
nitrogen retention was observed. 

Acute experiments with intravenous administration of human G. H. in 
doses of 5 mg. in the fasting state were carried out to determine the time 
relationship of the effect on CHO metabolism and lipids. A fourfold inerease 
of the NEFA level and a tenfold elevation of the blood ketones were observed 
with a peak about 5 hours after onset of the intravenous infusion. The blood 
sugar remained practically unchanged during the 6-hour period of the experi- 
ment. However, a diabetogenic effect was observed after administration of 
food and persisted for 24 hours. Administration of glucose, glucose + insulin, 
and insulin alone with G. H. did not suppress the lipid-mobilizing action of the 
G. H. The insulin action on the blood sugar was markedly inhibited. It ap- 
pears that the effeets of bovine and human G. H. 


in these subjects were very 
similar. 


The rapidity of the lipid-mobilizing and ketogenie effect suggests that 
this might be a primary effeet of G. H. independent from changes in CHO 
metabolism 


16. OBJECTIVE CHARACTERIZATION OF THE TWO TYPES 
OF DIABETES MELLITUS 


S. FANKHAUSER, M.D., C. Gregory, M.D., aNnp F.C. Gorrz. M.D.. 
MINNEAPOLIS, MINN. 


(INTRODUCED BY ALVIN ScHULTz, M.D.) 


Although there is general agreement that two clinical types of diabetes 
mellitus ean be distinguished, the insulin-dependent or labile and the insulin- 
independent or stable, it is often not possible to classify some patients on 
clinical grounds alone. Vascular complications of diabetes may depend not 





PROCEEDINGS OF THE THIRTY-SECOND ANNUAL MEETING 813 


only on treatment but also on the inherent character of the disease. It is im- 
portant, therefore, to establish efficient and objective methods to characterize 
the type of diabetes in the individual patient. Forty-two adult patients with 
long-standing diabetes were hospitalized and studied with regard to ketone 
hodies and nonesterified fatty acids (NEFA) in the blood after insulin with- 
drawal, sensitivity to insulin as defined by Himsworth, and acute blood sugar 
response to tolbutamide. Blood ketones showed significant elevation in one 
group of patients (“insulin-dependent”) within 24 hours, while in the seeond 
group (“insulin-independent”) practically normal levels were observed, even 
after several days without insulin. Four hours after oral administration of 3 
(im. tolbutamide, blood sugars in the insulin-dependent group either were 
elevated or remained unchanged, while almost all insulin-independent cases 
showed a decrease in blood sugar. There was also a marked difference in the 
behavior of NEFA between the two types of diabetes: on insulin withdrawal 
the NEFA rise paralleled the ketone bodies in the insulin-dependent group. 

It is econeluded that it is indeed possible to separate clearly two main 
groups in diabetes. The most reliable procedure for this purpose is the de- 
termination of ketone bodies or NEFA on insulin withdrawal. However, the 
good correlation with the tolbutamide response test makes it possible to use this 
latter, more convenient procedure for classifying patients on a larger seale. 
The insulin sensitivity test of Himsworth, though agreeing in general with the 
other tests, was less precise and much more laborious. 


47. A STUDY OF THE KINETICS OF ERYTHROPOILESIS 


Epwarkp V. Firmanowicz, A.B. (By INvITATION), AND 
CLIFFORD W. GuRNEY, M.D., CuicaGo, IL. 


Some aspects of the kineties of erythropoiesis have been studied in order to 
examine the action of the erythropoietic stimulating factor, erythropoietin. 
The transfusion-induced polyeythemie mouse was chosen because endogenous 
erythropoiesis is eliminated without harmful effects to the animal. A purified 
preparation of erythropoietin, a glycoprotein obtained from plasma of sheep 
rendered anemic by administration of phenylhydrazine, was used to stimulate 
ervthropoiesis. 

The amounts of erythropoietin required for minimal and maximal response, 
as measured by reticulocytosis, were established. Erythropoietin poteney was 
expressed in units of activity as defined by Goldwasser and White (Fed. Proce. 
18: 236, 1959 Six units of erythropoietin, in a single subcutaneous injection, 
produces a maximal reticuloeytosis of 1.3 per cent on the third day. Decreasing 
responses were obtained with decreasing amounts; as little as 0.75 unit was 
followed by 0.26 per cent reticuloeytes. The time and duration of peak response 
were independent of the dose. 

Following a single maximum stimulating dose, erythroeyte precursors were 
counted in splenie red pulp of groups of animals sacrificed daily . Proerythro 
blasts increased from 0.2 per cent of nucleated cells to 0.9 per cent in 24 hours. 
Normoblasts increased from 0.0 to 9.6 per cent in 72 hours. Also of interest 
was the observation that more erythropoiesis occurred subeapsularly than 
centrally. 

In order to examine the effect of erythropoietin on proerythroblasts and 
normoblasts, a second dose was administered to one group of mice at 24 hours 
when only proerythroblasts were present, and to another group at 48 hours 
when normoblasts were in abundance and increasing rapidly. In neither in- 
stance did reticulocytes appear earlier than they did following a single dose, 
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nor was the magnitude of reticulocytosis at 72 hours enhanced. From these data 
we conclude erythropoietin acts primarily by stimulating differentiation ot 
primitive reticulum, and no effect on differentiated erythrocyte precursors (pro- 
ervthroblasts or normoblasts ) eould be detected. 


48. STUDIES IN TUMOR AUTOIMMUNITY 


James W. Fryney. M.A. (By Invitation), Russett H. Witson, M.D., Px.D., 
sNp Ernest H. Byers, Pu.D. (By INviration), DALLAS, TEXAS 


Physicians have observed in the natural history of cancer spontaneous re- 
mission, postsurgical regression of remaining lesions, regression of lesions dis- 
tant from irradiated tumor masses, and sudden renewed growth of metastatic 
nodules many years following the removal of parent tumors. These obseiva- 
tions implicate host resistance as a factor in the course of the disease. An 
animal may develop immunity to certain transplantable cancers, preventing 
tumor growth following a secondary implantation. Human studies in this area 
ure relatively few. 

Fourteen volunteer male patients having terminal cancer were studied. 
The work on the first 5 patients was a pilot study with deep x-ray therapy. 
The remaining 9 patients received intramuscular injections of their tumor 
antigen in Freund’s adjuvant. Blood was withdrawn, weekly, before and afte 
radiotherapy or the intramuscular injections of the antigen. The serum anti- 
body titers were measured with the tannic acid treated sheep erythrocyte agglu- 
tination test. 

Three of the five patients having deep x-ray therapy showed a significant 
antibody titer rise, suggesting a need for further studies with a more direct 
approach. It was noted that metastatic nodules distant from the irradiated 
mass regressed with the rise in antibody titer. 

An inflammatory reaction characterized by erytiema, swelling, edema, heat, 
and tenderness at the tumor site was noted 15 to 25 days following injection 
of the antigen. At the peak antibody titer, 500 ml. of blood was withdrawn and 
the proteins were fractionated by Cohn method 10. These fractions were 
utilized to study cytotoxicity on subcutaneous tumor nodules. Sixty-three per 
cent of the injected subcutaneous nodules became nonpalpable within a period 
of 10 days. Five per cent grew and became measurable again before the 
patient expired. Reintroduction of the antibody protein caused the nodules to 
become nonpalpable. These same Cohn fractions had no effeet on the patient's 
normal tissue. 


These data indicate that a humoral evtotoxie antibody ean be elicited by an 
injection of autologous tumor homogenized in Freund’s adjuvant. Detailed 
data on this study will be presented. 


49. CHANGING PLASMA POTASSIUM AND THE ELECTROCARDIO- 
GRAM IN DOGS INTOXICATED WITH DIGITOXIN 


CHARLES Fiscu, M.D., B. L. Marrz, M.D. (By Invitation), Epwarp F. 
STEINMETZ, M.D. (By INVITATION), AND ALFRED FEF’. Fasoua, M.D., Pu.D. 
(By Invitation), INDIANAPOLIS, IND. 


In one phase of a study of the relation of eardiae arrhythmias to plasma 
potassium level the effect of administration of glucose and insulin on the 
electrocardiogram in digitoxin-intoxicated dogs was evaluated, after the plasma 
level of this eation had been raised. 
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Ten mongrel dogs weighing 8 to 12 kilograms were given 0.5 mg. of 
digitoxin intramuscularly per kilogram of body weight. On the following day 
the animals were anesthetized with 30 mg. sodium phenobarbital per kilogram. 
An oscilloscope was used to monitor the electrocardiogram throughout the ex- 
periment, and whenever any change was observed, a permanent record was ob- 
tained. Isotonie solution of buffered potassium phosphate in distilled water was 
infused uniformly, using a flow meter, until second degree A-V_ block was 
reached. The rate of infusion was constant for any given animal but varied in 
different animals from 0.6 to 1.37 mEq. per minute (average, 0.99 mEq. per 
minute). When A-V block appeared, 50 Gm. of glucose and 30 units of regular 
insulin were given intravenously, and within 30 to 60 minutes after the glucose 
was injected, potassium was reinfused to A-V block. 

In four animals in which it was studied, the urinary excretion of potassium 
after glucose and insulin infusion was decreased. Control plasma potassium 
averaged 3.88 mEq. per liter (3.0 to 44). An average of 13.39 mEq. (9.0 to 
24.0) of potassium was infused and plasma level at the end averaged 7.52 mEq. 
per liter (6.6 to 8.0). Thirty to 60 minutes after the glucose and insulin had 
been absorbed and immediately before the second injection of potassium, the 
plasma potassium averaged 2.82 mEq. per liter (2.0 to 4.5). Infusion of an 
average of 36.7 mEq. (20.0 to 71.0) of potassium resulted in A-V block and 
raised the plasma level to an average 7.24 mEq. per liter (6.8 to 8.1). Ven- 
tricular arrhythmias were not observed in any of our animals. 

The almost identical plasma level of potassium at the end of the two in- 
fusions of potassium, even though 2.7 times as much potassium was needed after 
glucose and insulin to reach the same end point (A-V block), indicates that 
under the conditions of these experiments the electrocardiographie changes 
were dependent primarily on levels of extracellular potassium, rather than the 
intra- to extracellular ratio of this eation. 


50. THE INTERRELATIONSHIPS OF GLOMERULAR FILTRATION 
RATE, TUBULAR REABSORPTION OF PHOSPHATE, AND RENAL 
PLASMA FLOW IN VARYING DEGREES OF RENAL FAILURE 


Rautpeu V. Forp, M.D., aNnp JOHN Lewis, M.D. (By Invitation), 
Houston, TEXAS 


To elarify further the physiologic changes accompanying renal degenera- 
tion, 25 hypertensive patients with varying degrees of renal failure (GFR range 
10 to 130 ml. per minute) were subjected to discrete renal functional testing 
by standard techniques and the contemporaneous determination of the tubular 
reabsorption of phosphate (TRP). While attempting to correlate the TRP with 
renal plasma flow (RPF) (Cpan) certain discrepancies were observed. This 
necessitated the determination of TRP with and without the contemporaneous 
determination of RPF (Cpayn). Also, RPF (Cpay) was determined with and 
without the contemporaneous determination of TRP. 

The investigation to determine the correlation of glomerular filtration rate 
(GFR) and TRP under conditions of high phosphate loading (plasma phos 
phate between 15 and 25 mg. per cent) indicated that TRP ranges from 4 to 5 
mg. per minute when the GFR is greater than 60 ml. per minute. However, 
when the GFR is less than 30 ml. per minute, the TRP proportionally declines 
to values varying from 0.3 to 2.7 mg. per minute. 


TRP was reduced (average 0.9 mg. per minute) in the presence of the low 
concentration solutions of PAH used to measure RPF. Additional proof that 
PATIL suppressed TRP was afforded by the removal of PAH and the rede- 
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termination of TRP which then increased (average 3.6 mg. per minute). It 
was further noted that Cpay was enhaneed (from 320 to 416 ml. per minute) 
by the presence of high plasma phosphate concentrations. The glomerular 
filtration of phosphate remained the same in both phases of the study (as de- 
scribed above) but the urinary phosphate increased when Cpay was contem- 
poraneously being determined, indicating suppression of TRP. Also, there 
were no other changes in PAH when TRP was observed, indicating that these 
levels of plasma phosphate augment Cpan. 

In conclusion, this study has shown that TRP does not become grossly 
abnormal until GFR is less than 30; TRP is depressed by the contemporaneous 
determination of Cpan, and Cpay is augmented by the contemporaneous de- 
termination of TRP by this teehnique. 


51. VENTRICULAR FILLING PRESSURE IN ANEMIA 


Nose O. Fowuer, M.D., Ratpu SuHaperar, M.D. (By Invitation), DAPHNE M. 
ANDERSON (By INviItTaTION), JoHN R. BrauNsTErN, M.D. (By INvitration), 
CINCINNATI, OHIO 


This study was made to evaluate the importance of changes in ventricular 
filling pressure in the production of the inereased cardiae output associated 
with anemia. Observations were made in 14 closed-chest dogs under morphine- 
chloralose anesthesia. Paired observations were made in each of three periods: 

1) control; (2) oligemia produeed by bleeding 20 ml. per kilogram; (3) 
oligemie anemia produced by further bleeding of 60 ml. per kilogram, with the 
blood removed replaced by an equal volume of isoneotie dextran. 

Results—Preliminary studies with 6 per cent dextran in 5 per cent 
dextrose showed the development of significant hyponatremia and hypocaleemia 
following dextran exchange, so that further studies were made with dextran 
in isotonie saline with added magnesium, calcium, and potassium. Mean blood 
volumes (Cr*'-tagged red cells) declined 15.5 per cent from control following 
bleeding and dextran exchange. Mean hematocrit ratio was 48.4, control; 48.9, 
oligemia; and 16.2 during oligemie anemia. During oligemia there was a con- 
sistent fall in right atrial transmural pressure, cardiae output, stroke volume, 
and right ventricular stroke work. During oligemie anemia, there was an in- 
crease of cardiae output, stroke volume, and right ventricular stroke work, but 
no change in right atrial transmural pressure as compared to the oligemic 
period, 

Mean cardiac output was 1.935 L. per minute, control; 1.207 L. per minute 
during oligemia, p < 0.001; and 2.807 L. per minute during oligemie anemia. 
The mean eardiae output was significantly inereased during oligemic anemia 
over control and oligemie periods (p < 0.001). The increase of cardiae output 
during oligemic anemia over control was due almost entirely to tachycardia, but 
the increase over oligemia was associated with increased right ventricular stroke 
volume and stroke work. 


The results indicate that the cardiac output of dogs ean be increased by 
acute anemia even though blood volume is significantly reduced. The increase 
of eardiae output, stroke volume, and right ventricular stroke work observed 
in these experiments was not associated with an increase of right atrial trans- 
mural pressure. Decrease in blood viscosity was not entirely responsible for 
the increased cardiae output during anemia. It is suggested that the increased 
cardiae output of anemia may be associated with increased eardiae contractility. 
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52. THE EFFECT OF N-(1-METHYL-2, 3, DI-P-CHLOROPHENYL- 
PROPYL)-MALEAMIC ACID (BENZMALECENE) ON SERUM 
LIPIDS AND LIPOPROTEINS 


Ropert H. FurmMAN, M.D., R. PatMer Howarp, M.D., LEONARD N. Norcia, 
Pu.D. (By INviTATION), AND CHARLES W. RosBINnson, JR., M.D. (By 
INVITATION ), OKLAHOMA CitTy, OKLA. 


Benzmalecene inhibits the incorporation of 1-C'™ acetate and 2-C'* meva- 
lonie acid into cholesterol by rat liver homogenates. 

Benzmalecene was administered to two normocholesterolemic and one 
hypercholesterolemie subjects in doses of 1.0 to 1.5 Gm. per day for 7 to 12 
days. Serum total and unesterified cholesterol, phospholipid, and triglyceride 
levels, and the cholesterol and phospholipid content of serum lipoprotein frae- 
tions isolated by differential ultracentrifugation were determined before, during, 
and after treatment. No changes were noted in serum transaminase (glutamie- 
oxaloacetic and glutamiec-pyruvie) or van den Bergh levels. However, the 
compound produced nausea, which prompted one subject to refuse further 
medication after 12 days. No dietary restrictions were imposed and body 
weights remained unchanged. 

Serum total cholesterol concentration in the hypercholesterolemie subject 
decreased 100 mg. per cent; in the normocholesterolemie subjects, 55 to 70 mg. 
per cent, due solely to reduction in esterified cholesterol. The cholesterol con- 
tent of both the @ lipoproteins (density > 1.063 Gm. per milliliter) and the 
combined 8 and lower density lipoproteins (density < 1.063 Gm. per milliliter) 
was reduced. However, after further fractionation of the lipoproteins of 
density < 1.063 Gm. per milliliter in the hypercholesterolemie subject into com- 
ponents of densities < 1.019 Gm. per milliliter and density > 1.019 < 1.063 
Gm. per milliliter, it was noted that the cholesterol content of the lower density 
fraction (< 1.019 Gm. per milliliter) had more than doubled. 

Serum phospholipid and triglyceride levels increased in each subject. The 
increase in serum phospholipids was due to increase in the lipid phosphorus 
content of the lipoprotein fraction of density < 1.019 Gm. per milliliter. 

The effects of Benzmalecene administration on serum lipids and _ lipo- 
proteins in human subjects may be summarized as follows: (1) decreased serum 
total and esterified cholesterol concentrations; (2) decreased cholesterol and 
phospholipid content of a (density > 1.065 Gm. per milliliter) and B (density 
> 1.019 < 1.063 Gm. per milliliter) lipoproteins; (3) increased serum phos- 
pholipid and triglyceride concentrations; (4) absolutely and relatively inereased 
cholesterol and phospholipid content of lipoproteins of density < 1.019 Gm. per 
milliliter. 


The compound possesses extraordinary lipid-altering properties which 
warrant further investigation. However, the increase in low density lipo- 
protein lipids may be an undesirable effect in view of the role such low density 
lipoproteins may play in atherogenesis. 


53. MASSIVE, CONTINUED EXPOSURE TO BRUCELLA ABORTUS 
CAUSING THE BLOCKING PHENOMENON IN RABBITS 


Harry GLENcCHUR, M.D. (By INnviration), Horace H. ZINNEMAN, M.D. 
(By INVITATION), AND WENDELL H. Hau, M.D., Px#.D., 
MINNEAPOLIS, MINN. 


The effects of hyperimmunizing rabbits with Brucella abortus antigen were 
studied from three aspects: the serum antibodies, the change in serum proteins, 
and the effect on a Brucella melitensis bacteremia. Hyperimmunity was pro- 
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duced by injecting intravenously 1.0 te 25.0 ml. of 1:5 diluted Br. abortus 
antigen 1 to 3 times a week for 10 to 23 weeks. Serial blood specimens were 
obtained by intraeardiae puncture for the above studies. 

Continued injection of large or small amounts of antigen resulted in a 
persistent elevation of the agglutinating antibody titer. Blocking antibodies, 
however, appeared only after weeks of massive antigen injections. Starch block 
fractionation of these sera revealed the blocking antibodies to appear early in 
the fast moving gamma globulin fractions. With repeated massive antigen in- 
jections the blocking aetivity progressively moved to reside after several weeks 
in the beta and alpha-2 globulin fractions. This same migratory phenomenon 
was observed in a man with acute brucellosis. Serial electrophoretic studies of 
the sera revealed no changes from that found in controls, unless repeated mas- 
sive antigen injections were given. A marked rise in serum gamma globulins 
was then noted, which was not appreciably altered by specific antibody absorp- 
tion. Hyperimmunized rabbits were found to handle a Br. melitensis bac- 
teremia in the same manner as immunized animals; both groups of animals had 
drops in arterial brucellar counts to low plateau levels in one-half the time re- 
quired by normals. This immune effect was specific. Brucellar immunized and 
hyperimmunized rabbits showed no alteration in the handling of Escherichia 
coli bacteremia from that found in normals. 

These studies indicate a possible mode of genesis of the blocking phe- 
nomenon. Brucellar blocking antibodies are produced coincident with a marked 
hyperglobulinemia by repeated contact of the antibody-producing mechanism 
with large amounts of brucellar antigen. Prolonged antigenic stimulus, how- 
ever, did not paralyze the production of agglutinating antibodies. No explana- 
tion for the change in electrophoretic mobility of the blocking antibody is pos- 
sible at present. 


54. METABOLIC EDEMA 
EpGAR S. Gorpon, M.D., aNp Davin T. GRAHAM, M.D., Maptson, WI1s. 


We have studied 15 patients with a clinical picture which we have called 
“metabolic edema.” It occurs only in women and has not received attention 
proportionate to its very frequent occurrence. It has been referred to in the 
past as “eyelical edema” and “idiopathic edema of females.” The present study 
was designed to investigate biochemical and psychological aspects of its patho- 
genesis. 

Clinically, the cardinal manifestation is swelling, most often concentrated 
in the abdomen, arms, and legs, but sometimes apparent in the face and the rest 
of the body. Weight may increase by 2 to 8 kilograms within a day or two. 
Episodes last from a few days to a few weeks, and often terminate spon- 
taneously by diuresis. They bear no recognizable relation to menstrual eveles. 
(Four of our patients were postmenopausal.) Routine clinical study reveals 
no evidence of the known eardiac, renal, hepatic, or nutritional causes of edema. 

Eleven women were interviewed to obtain information eoneerning the 
relevance of life stresses and emotional disturbance to the development of the 
syndrome. In 8 eases the interviews were tape-recorded and later transcribed. 
All patients revealed serious life problems, resulting in emotional disturbance, 
present at the time of development of the edema. Nine of them unequivoeally 
showed a psychvlogical common denominator, different from that seen in other 
psychosomatie diseases. This can be epitomized in the attitude: “I am earry- 
ing too big a load; I wish somebody else would carry it.” Eight patients empha- 
sized eare and responsibility for children in this “load.” 
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Physiologically, it appears that the fluid retention is mediated in part 
through fluctuating but elevated levels of aldosterone released by the adrenal 
cortex. Measurement of 24-hour urinary output of this steroid showed values 
of 60 to 400 ng as compared to 3 to 10 wg per 24 hours for normal control sub- 
jects. Assays in patients during interedematous periods showed levels within 
the normal range. Biological assay of posterior pituitary antidiuretic hormone 
in 24-hour urine specimens on a few subjects revealed markedly elevated levels, 
so this hormone is probably also involved. 


55. RENAL FUNCTION STUDIES IN PRIMARY ALDOSTERONISM WITH 
SUGGESTIVE EVIDENCE OF PHYSIOLOGIC REGULATION OF 
ALDOSTERONE SECRETION IN AN ADRENAL ADENOMA 


GEORGE B. Gorpon, M.D., AND ALFRED EICHENHOLZ, M.D., MINNEAPOLIS, MINN. 
(INTRODUCED BY LESLIE ZiEvE, M.D.) 


Studies were performed on a 59-year-old male with an aldosterone-secreting 
adenoma of the left adrenal cortex. GFR and ERPF were about half normal 
preoperatively. Bicarbonate reabsorption was elevated to approximately 3.0 
mM per 100 ml. of glomerular filtrate initially. Following two weeks of Na re- 
striction and K administration it had declined to about 2.7. Phosphorus 
clearance varied between 22 and 40 ml. per minute preoperatively. K exeretion 
was consistently above 80 per cent of the filtered load. Three separate studies 
revealed excessive Na and Cl excretion. Water diuresis was produced by oral 
ingestion of 1,200 ml. of water followed by 200 ml. every 20 to 30 minutes. 
Following this procedure approximately 10 per cent of filtered Na and 15 per 
cent of filtered Cl were excreted in each clearance period at a time when the 
24-hour Na exeretion was about 100 mEq. Independent corroboration of this 
observation was found in the urine osmolality data. Specimens obtained ap- 
proximately 1 hour after water loading revealed values of 83 and 97 mOsm. 
per kilogram of water. Osmolality of samples collected during clearance periods 
was 3 to 4 times as great. Reduction of GFR with hexamethonium resulted 
in complete reabsorption of Na and Cl. Postoperatively reabsorption of these 
ions was complete. However, interpretation of the data is complicated by the 
drastic reduction of GFR and ERPF. 

Reduction of extracellular fluid volume is known to inerease urinary 
aldosterone excretion. The converse situation has not been studied as well, but 
there is evidence that such procedures result in inereased Na excretion. Na 
diuresis is known to occur as a result of simultaneous administration of vaso- 
pressin and water. ADII activity in our case is precluded by the low urine 
osmolalities before the clearance periods were started. The data are consistent 


with the hypothesis that saluresis may have resulted from a decrease in 


aldosterone secretion as a consequence of expansion of the extracellular space. 
This suggests that the adenoma was not physiologically autonomous but rather 
responded to a normal regulatory stimulus. 


56. THE HEMODYNAMIC COMMON DENOMINATORS OF TITE 
SYNDROME OF CHRONIC CONGESTIVE FAILURE 


Joun S. GRAETTINGER, M.D. (By INviraTIon), AND JAMES A. CAMPBELL, M.D.. 
Cuicaco, IL. 


In studies designed to quantitate cireulatory dynamies in patients with 
varying circulatory loads, data have been obtained in our laboratory in 8&5 
patients with hypo- and hyperthyroidism, systemic arteriovenous fistulas, 
anemia, beriberi, rheumatic heart disease, and myocarditis. Some of these pa- 
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tients had congestive failure clinically. Each group has been subdivided by the 
presence or absence of clinical failure and the hemodynamic data of all of those 
without failure compared with these of the subgroups with failure. The range 
of eardiae output observed at rest in the nonfailure category (1.88 to 7.38 L. 
min./M*) did not differ from the failure category (1.95 to 8.93 L./min./M*). 
During exercise, however, a significant increase in cardiae output and stroke 
volume occurred in each group in the nonfailure category in contrast to no 
change or a decrease observed in the failure category. The arteriovenous oxygen 
difference at rest ranged from 2.24 to 4.66 ml. per 100 ml. in the nonfailure and 
from 2.33 to 7.20 ml. per 100 ml. in the failure categories; a greater increase dur- 
ing exercise oecurred in the latter category. The right atrial pressure was below 
9 mm. He at rest and during exercise in the nonfailure groups, and above this 
level in the failure groups. No significant differences in mean brachial arterial 
pressures were observed. These data permit a description of the hemodynamic 
responses to chronic abnormalities of circulatory load and of the hemodynamie 
common denominators of the syndrome of clinical congestive failure which may 
result from a chronie excess of circulatory demand over cardiac output at vary- 
ing levels of demand and of cardiae adequacy. 


57. PHOSPHATE DISTRIBUTION AND P*® EXCHANGE IN THE 
ERYTHROCYTES OF INFANTS AND ADULTS 
T. J. GREENWALT, M.D., V. E. Ayers (By INVITATION), AND 
S. A. Morett, Pu.D. (By Ixviration), MILWAUKEE, Wis. 


The principal acid-soluble phosphates of the human erythrocyte are 2,3- 
diphosphoglycerate (2,3-DPG), adenosine triphosphate (ATP), adenosine di- 
phosphate (ADP), and orthophosphate (P,). These constituents were studied 


by the application of quantitative paper chromatography to the perchloric acid 
extracts of NaH,P**O,-labeled erythrocytes of four newborn infants and four 
adults. The concentration and relative specific activity (R.S.A.) of each 
metabolite was determined serially during a 4-hour period of incubation at 37 

(. The average total acid-soluble P of the fresh erythrocytes of the eight in- 
dividuals was 1,450 uM per cent; 48.3 per cent was recovered as 2,3-DPG, 20.4 


per cent as ATP, 5.4 per cent as ADP, and 5.4 per cent as Pj. 

Comparison of the two groups showed the following: (1) Total acid- 
soluble P, 2,3-DPG, and ATP were lower, and P; was higher in the fresh cells 
of the infants. (2) After incubation the relationships remained unchanged but 
the 2,3-DPG level decreased much more rapidly whereas the P; rose much 
faster in the erythrocytes of the infants. (3) The relative rate at which R.S.A. 
developed in P; and ATP was reversed in the infant and adult groups, the 
activity of P; rising faster than that of the ATP in the adults. (4) Through- 
out the 4-hour incubation the R.S.A. of the intraerythroeyte components of the 
infants was significantly lower than that of the adults. 


od. CLINICAL APPLICATION OF THE RADIOACTIVE TRIOLEIN TEST 
IN DIFFERENTIAL DIAGNOSIS OF PANCREATIC LESIONS 


A. RicHarp GrossMAN, M.D. (By Invitation), AND 
DonaLp D. Kozouui, M.S., M.D., Cutcaco, Inu. 
Since its inception in 1955, the I'*'-labeled triolein test has seen success 
as an experimental method of determining the relative amounts of pancreatic 
lipase excreted by the normal and diseased organ. We have used the triolein 
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test and I'*'-labeled oleic acid test in the study of normal patients, carcinoma 
of the head of the pancreas, chronie pancreatitis, and in jaundiced patients who 
did not have related panereatie problems. The tests were performed on 151 
patients. 

Volunteer patients who had no gastrointestinal disorders were tested and 
this established our criteria for normal uptake curves. Fifty-one normal patients 
were tested, 22 carcinoma of the head of pancreas, 26 chronie pancreatitis, 14 
medical jaundice, 12 other surgical jaundice patients, and 14 miscellaneous cases. 
The diagnoses in the pathologie conditions were established either at autopsy, 
at surgery, or on the basis of eclinieal follow-up and recovery. We found that 
patients suffering from pancreatic disorders showed markedly different uptake 
curves, as well as the actual percentage of uptake, than the normal or jaundiced 
patients. The triolein uptake peak as well as the type of curve of chronic 
pancreatitis was shown to be different from those of patients suffering with 
carcinoma. 

With aliquots of whole blood samples taken at 2, 4, 5, and 6 hours after 
the test meal was given, it could be shown that normal patients had a mean 
uptake of 4.1 per cent with mean 5-hour peaks. Carcinoma patients had 
absolutely flat uptake curves with the 5-hour mean at 0.96 per cent. In contrast 
to this, chronic pancreatitis showed a low peaked curve with 1.72 per cent mean 
uptake at 5 hours. In the study of patients with medical and surgical jaundice 
it was shown that they had “normal” curves with 5-hour peaks at 3.02 and 3.66 
per cent, respectively. These and the other figures in the study were proved 
statistically significant. 

In conelusion, we feel that we have been able to make the triolein test a 
simple yet accurate one for the differential diagnosis of pancreatic disease and, 
especially, carcinoma of the head of the pancreas. 


59. STUDIES ON THE MECHANISM OF EDEMA PRODUCED BY 
PROLONGED INFUSION OF NOREPINEPHRINE 


FRANCIS J. Happy, M.D., Pu.D., RicuHarp D. EstreNseN, B.A. (By INviITATION 
,ND Ropert P. GILBERT, M.D., CHICAGO AND Evanston, ILL. 


Prolonged infusion of epinephrine or norepinephrine is known to reduce 
plasma volume, increase hematocrit, and sometimes produce edema and shock. 
The mechanism of these changes is unknown. Previous studies have shown that 
norepinephrine may produce a per cent increase of venous resistance which is 
greater than the per cent increase of artery resistance (Cire. Res. 5 : 247, 1957 
This suggested the following mechanism: venous constriction — rise of capillary 
hydrostatic pressure — inereased in rate of outward filtration — reduced plasma 
volume and edema. In order to test this hypothesis, norepinephrine was infused 
into the brachial or mesenteric arteries of the dog for periods up to 60 minutes 
while measuring systemic arterial pressure, paw or mesenteric small venous 
pressure, cephalic or portal venous pressure, and weight change of limb or gut 
loop. 

Infusion into the brachial artery at rates between 0.4 and 30.4 pg per 
minute immediately decreased small venous pressure and limb weight. In 8 of 
19 experiments, this was shortly followed by rise of small venous pressure to 


levels as high as 44 mm. Hg. This was associated with a gradual and steady gain 


in limb weight to levels also above the control value. In the remaining instances, 
weight did not increase but neither was there a sustained change of small venous 
pressure, Upon stopping the infusion, small venous pressure rose as high as 64 
mm. Hg. In 3 of 8 gut experiments, infusion rates from 1 to 27 »g per minute 
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elevated small venous pressure and gut weight. In the remaining experiments, 
weight did not increase but neither was there a sustained rise of small venous 
pressure. 

These studies show a positive correlation between elevations of small venous 
pressure and weight. Sinee capillary pressure in open beds cannot be lower 
than small venous pressure, the larger increases of small venous pressure were 
almost certainly associated with rise of capillary pressure. The steadiness of 
the weight gain indicates that the gain represented increase of interstitial fluid 
rather than vascular volume. Therefore, it seems probable that in some in- 
stances norepinephrine constriets veins proportionately more than arteries re- 
sulting in rise of capillary hydrostatie pressure and hence outward filtration of 
fluid. 


60. THE DEFENSE OF TWO MECHANISMS FOR THE PRODUCTION 
OF ADRENAL HYPERPLASIA RESULTING IN HYPERADRENO- 
CORTICISM (CUSHING’S SYNDROME) 


Grorce J. Hamwt, M.D., THomas G. SKILLMAN, M.D. (By INviratton), AND 
Ropert M. Buizzarp, M.D. (By INviration), CoLUMBUS, OHIO 


Evidence favoring primary hypothalamic or pituitary etiology of hyper- 
adrenocorticism includes: (1) basophilie pituitary adenoma present in 41 per 
cent of autopsied eases; (2) remission with pituitary irradiation (25 to 50 per 
cent); (3) remission after hypophysectomy (3 cases); (4) suppression of corti- 
costeroid exeretion with fludrocortisone (50 to 100 per cent); (5) development 
of pituitary adenoma after subtotal adrenalectomy; (6) production of anatomic 
and microchemieal adrenal changes similar to adrenal hyperplasia in normal 
patients given ACTH. 

The concept that the primary defect is adrenal is favored by: (1) failure 
to demonstrate elevation of ACTH in plasma; (2) marked hyperresponsiveness 
of plasma and urinary 17 OHCS to ACTH; (3) associated hyperaldosteronism ; 

4) frequency of irradiation failures. The elinieal and laboratory findings and 
treatment response in two patients suggest two mechanisms as follows. 


Case | (pituitary).—(1) Hypercorticism, male, 6; (2) no evidence pituitary 
or adrenal tumor; (3) urinary 17 OHCS rose (19-24 to 40-55 mg. per day) after 
ACTH; (4) 17 OFLCS suppressed by fludrocortisone, 4 mg. per day; (5) re 
section left (96 Gm.) and 2/3 right adrenal (4 Gm.) produced chemical and 
clinical remission, maintenance corticoid not required; (6) progressive dermal 
pigmentation started one month after surgery, was uninfluenced by oral corticoid 
trial; (7) urinary and plasma 17 OHCS normal and not now responsive to 
ACTH; (8) basophilic adenoma developed, enlarged sella, caused bitemporal 
hemianopsia, and required resection; (9) preoperative plasma ACTH definitely 
elevated (courtesy Dr. Don Nelson 

Case 2 (adrenal).—(1) Hypercorticism, male, 23; (2) no evidence of 
tumor; (3) plasma 17 OHCS rose (16 to 146 meg. per cent) with ACTH, not 
suppressed with fludrocortisone 6 mg. per day; (4) resection, all of left (5.4 
(Gim.), 60 per cent right adrenal (5.4 Gm.) failed, clinical symptoms and hyper- 
responsiveness to ACTIL persisted; (5) 5,000 r delivered to pituitary failed to 
induce remission in 5 months; (6) reoperation demonstrated 2 Gm. remnant 


had inereased to 20 Gm.: (7) removal resulted in cessation of steroid secretion. 


Recent medical fashions would tend to favor a primary hypothalamic or 
pituitary etiology and exclude an intrinsic adrenal abnormality. It is concluded 
that both mechanisms are possible. 





he me 54 PROCEEDINGS OF THE THIRTY-SECOND ANNUAL MEETING 
umber 5 


61. ACID-BASE ABNORMALITIES ENCOUNTERED WITH THE GIBBON- 
MAYO PUMP USING BLOOD FLOW RATES OF 2-2.4 LITERS PER 
SQUARE METER OF BODY SURFACE PER MINUTE 


A. F. HartMANN, JR., M.D., ANp ALBERT Roos, M.D., St. Louts, Mo. 
(INTRODUCED BY JOHN R. Situ, M.D.) 


It was no :d ‘at* ** ous blood of postoperative patients who had under- 
gone repair ser vagenital eardiae malformation using the Gibbon-Mayo 
pump s! wed profvuund acidemia while the arterial oxygen saturation (ear- 
piece oximeter) was well above 90 per cent. Their clinical appearance seemed 
much worse than the arterial oxygen saturation would indicate. 

It was because of these discrepancies that the following studies were under- 
taken: (1) Thirty patients who had surgical repair of cardiae defects using 
extracorporeal support were studied. The following blood constituents were 
determined: pli, CO., laetie acid, sodium, potassium, calcium, phosphorus, 
chloride, oxygen saturation and total and fractional proteins on the (a) donor 
blood, (b) blood in the pump prior to bypass, (¢) arterial and venous blood 
of the pump at the end of bypass, (d) femoral artery and vein blood of the 
patient | hours postoperatively. (2) The postoperative A-V difference studies 
were . .so carried out on 10 hypothermia patients and upon a similar number 
of patients who had an unilateral thoracotomy for the repair of a patent ductus 
arteriosus or coarctation of the aorta. 

Conclusions —(1) The acidemia of the pump blood before and during by- 
pass was mild and was due to the method of collection and processing of the 
donor blood. This was primarily due to stasis, glycolysis, and dilution with 
saline. (2) The A-V difference of the pump blood at the end of bypass was in 
the normal range, indicating good circulation during bypass. (3) The A-\ 
difference of the patient’s blood 4 hours after bypass was marked, as is shown 
by findings in a typical ease. 


Arterial Blood Venous Blood 

pH 7. 7.22 
Co, 15.9 (whole blood) mEq./L. 20.2. (whole blood) mEq./L. 
pco, 33 mm. He D4 mm. Hg 
Caleulated 

acid excess 4.0 mEq./L. 4.0 mEq./L. 
Lactie acid 54 mEq./hL. 5.8 mEq./L. 
Oxygen 


saturation 91.9 & 220 % 


Similar studies in the posthypothermia and unilateral thoracotomy patients 
revealed only moderate changes. (4) These A-V differences indicate poor cireula- 
tion in the extremity from which these samples were drawn. This could be 
accounted for by (1) low eardiae output, (2) local vasospasm, or a combination 
of both. 


Studies are presently in progress to resolve this problem. 
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62. HEMODYNAMIC RESPONSE TO EXERCISE IN DEXTRAN- 
INDUCED HYPERVOLEMIA AND IN ACUTE 
GLOMERULONEPHRITIS 


IlaRPeR K. He_uems, M.D., VALENTINO DeFazio, M.D. (By INvitation ) 
Timoruy J. Regan, M.D. (By Invirration), RayMoNnpD C. CHRISTENSEN, 
M.D. (By INvitaTION), AND KENAN Binak, M.D. (By INviration ) 
Derroir, Micu. 


High eardiae outputs and elevated filling pressures have been reported from 
this laboratory in a group of patients with acute glomerulonephritis, some of 
whom had evidence of circulatory congestion. It was difficult to decide whether 
these hemodynamie changes were only due to hypervolemia, or whether heart 
failure was also present, 

To investigate this problem, the hemodynamie response to exercise was 
studied by heart catheterization in the following subjects: (a) 6 normal con- 
trols; (b) the same 6 normals at the end of an intravenous infusion of 1,200 
ml. of 6 per cent dextran in water (30 ml. per minute); (¢) 4 patients with 
eeute glomerulonephritis. Dextran infusion in resting normals produced the 
following mean increments: eardiae index (CI) +1.18 + 0.38 L./min./M* BSA 
p < 0.05); pulmonary “eapillary’” mean pressure (PC) +8.7 + 2.1 mm. Hg 

p < 0.01); brachial artery mean pressure (BA) +5.0 + 8.1 mm. Hg (0.6 > p 
O.) 

On excreise the following mean changes were observed in the control group : 
O. consumption +384 + 22 ml./min./M*; CO +741 + 76 ml./100 ml. inerease in 
(), consumption/min.; PC +3.2 + 0.32 mm. Hg (p < 0.001); left ventricular 
work index (LVWI) +4.20 + 0.66 Kg. M/see./M* (p < 0.01); left ventricular 
stroke work index (LVSWI) +11.0 + 6.7 Gm. M/beat/M? (0.1 > p< 0.2). The 
induction of hypervolemia with dextran in these normals was associated with 
an exereise response in every manner similar to that with normovolemia. 

The glomerulonephritis patients at rest had elevated mean CI (4.61 + 0.21 
L../min./M*), mean PC (13.5 + 1.8 mm. He), and mean BA (132.7 + 11.1 mm. 
Ile On exercise, the O. consumption was inereased +401 + 72, CO +648 + 62, 
PC 48.5 + 2.7, LVWI +4.2 + 0.51. These data do not differ significantly from 
the exercise data in the dextran-infused normal. 


In all groups the increased CO was produced almost exclusively by eardiae 
acceleration and there was no correlation between filling pressure and stroke 
work. As judged by the eardiae output exercise response per 100 ml. oxygen 
consumption inerement and the left ventricular work per minute exercise 
response, the status of the heart in aeute glomerulonephritis does not differ 
significantly from the normal with acutely induced hypervolemia. 


63. ALDOLASE, ISOCITRIC DEHYDROGENASE AND MALIC DE 
HYDROGENASE IN GLUCOSE-6-PHOSPHATE DEHYDRO- 
GENASE DEFICIENT ERYTHROCYTES 


Pau. Hevtuer. M.D... anp Hyman G. WEINSTEIN, M.S. (By INvitation 
Cnicaco, IL. 


The genetic defect of el ucose-6-phosphate dehydrogenase (G-6-PD) in the 
erythrocytes of approximately 10 per cent of American Negroes is not associated 
with any impairment of the viability of these cells unless they are exposed to 
primaquine and other agents. The apparent reason for this absence of a 
detrimental effect is the fact that utilization of glucose by the red cell takes place 
mainly (80 to 90 per cent) via the Embden-Meverhof evele. Nevertheless, it 





Velome 54 PROCEEDINGS OF THE THIRTY-SECOND ANNUAL MEETING RYH 
umber 5 


has been suggested that as a compensatory mechanism, enzymes of the Embden- 
Meyerhot cycle may have increased concentration in these erythrocytes. It is 
also possible that the tricarboxylic acid eyele, usually not operating in mature 
erythrocytes, may function in the G-6-PD deficient cells and thus contribute to 
the regeneration of TPNH. As part of a study of this problem the enzymes 
aldolase (Ald.), isoeitrie dehydrogenase (ICD), and malice dehydrogenase (MD) 
were measured in the erythrocytes of 17 Negroes who were detected to have 
G-6-PD deficient red cells during the screening of the hospital population for 
carriers of this trait. The mean values (+ S.D.) of the enzymes in hemolysates 
from these subjeets were as follows (caleulated per gram of hemoglobin) : 
G-6-PD 0.24 (+ 0.29) »M of TPNH (method of Horecker and Kornberg), Ald. 
0.94 (+ 0.22) uM of fructose diphosphate (modified method of Lowry), ICD 
1.1 (+ 0.42) pM of TPN (method of Wolfson and Williams-Ashman), MD 190 
(+ 45) pM of DPN (method of Ochoa). The respective values for normal red 
cells from 9 Negroes were 5.1 (+ 2.5), 1.1 (+ 0.2), 1.7 (+ 0.48), and 201 (+ 61). 
Except for the G-6-PD values (p < 0.001), no statistically significant difference 
was detected in the determined enzyme values between the carriers of this 
abnormality and normals. These results for the aldolase are at variance with 
the results reported by Schrier and associates, who used a different method and 
found that the aldolase activity was consistently inereased by approximately 30 
per cent in all subjects tested. Possible causes for this divergence will be dis 
cussed. 


It appears that the maintenance of normal metabolic functions of the G-6-PD 
deficient red cells under stress-free circumstances can be adequately seeured 


without a compensatory increase in glveolytie enzymes. 


64. A COMMUNITY AND FAMILY STUDY OF ASIAN INFLUENZA 


A. V. HENNEssEY, M.D., ANN ARBor, Micu. 
INTRODUCED BY FEF’. M. Davenport, M.D. 


During the epidemie of Asian influenza in 1957 a unique opportunity was 
presented to ascertain the influence of density of exposure and of relative im 
munity upon the incidence of clinieal and subclinical infection in a well-defined 
population resident in Tecumseh, Michigan. This opportunity occurred because 
there was ample time to formulate plans before the epidemie struck, sinee inci 
dence was high and noninfluenza respiratory disease could be readily dis- 
tinguished, and because the prevailing virus was antigenically so distinctive that 
a presumptive diagnosis of recent infection could be made using a single serum 
sample. To measure clinical infection, the attack rate calculated from reports 
of daily illness in 1,495 households, consisting of 5,233 individuals, was used. 
Subclinical incidence was estimated by subtracting that rate from a prototype 
serologic attack rate obtained by calculating the difference in the frequency of 
Asian antibody in pre- and postepidemic collections of sera drawn from non 
respiratory patients at the University of Michigan Hospital. The influence of 
density of exposure upon illness was studied by comparing age- and sex-specific 
attack rates in households of different size and of different composition by age, 
sex, and number. Age-specific clinical and subclinical attack rates in all families 
were highest in childhood and declined progressively thereafter. A higher pro 
portion of the infections of the older age group Was subelinieal. The elinieal 
attack rate at all ages, including adults, was higher in households containing 
children and in households of the larger sizes. In families with children, adult 
females became ill more frequently than adult males. in families without 
children, the attack rate tended to be higher in males. The relative immunity 
of the older segments of the population, conferred by prior experienee with 
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multiple antigenic variants of influenza A virus, was not abolished, even though 
their sera, in general, did not contain detectable Asian antibody. The results 
of this study illustrate the many factors that influence the attack rate of 
influenza. 


65. THE MECHANISM OF HEMOLYSIS IN PAROXYSMAL COLD 
HEMOGLOBINURIA AS A MODEL SYSTEM FOR STUDYING 
THE MECHANISM OF ACTION OF HUMAN COMPLEMENT 


CarLt F. Hinz, Jr., M.D., Mary E. Picken, B.S. (By INvitatTion), AND IRWIN 
H. Lerow, Pu.D., M.D. (By INviration ), CLEVELAND, OHIO 


Ilemolysis of erythrocytes by the Donath-Landsteiner (D-L) hemolytic anti- 
body, eausing paroxysmal cold hemoglobinuria, requires complement in both the 
initial cold and the subsequent warm phase of hemolysis. The role of comple- 
ment in immune hemolytie reactions has been recognized since the work of 
Ehrlich before 1900, but the mechanism by which complement causes hemolysis 
remains unknown. Recently it has been proposed that complement action is 
initiated by the first component of complement (C’1), which exists in serum as a 
proenzyme, and is activated by antigen-antibody complexes to have esterase 
properties which hydrolyze certain synthetic amino acid esters. 

The present studies, utilizing human serum complement and erythrocytes 
and partially purified D-l, hemolysin, permit a separation of the initial and 
final phases of complement action because of the cold-warm nature of the D-L 
reaction. They indicate that immune hemolysis is initiated by C’l, for C’1 is 
the only component of complement required in the cold phase, whereas the 
other three components participate in the warm phase; and they suggest that 
the effect of C’1 may be due to its enzymatie properties. The results show that 

1) the cold phase is completed successfully if fresh serum is present to supply 
complement; (2) the cold phase is not completed if C’l is inactivated in serum 
by heating or is removed from serum by precipitation during dialysis at low 
ionie strength; inactivation of other components of complement does not inter- 
fere with the cold phase; (3) partially purified C’l either as proenzyme or 
activated enzyme (C’l-esterase) effectively replaces fresh serum in the cold 
phase; (4) the effect of C’l-esterase is blocked completely by an inhibitor isolated 
from serum, which acts against the esterase properties; (5) C’1 is not required 
in the warm phase but the other three components of complement are. 


These observations are consistent with the hypothesis that in the presence of 
the erythroeyte-antibody complex, C’1 is activated from the naturally occurring 
proenzyme to C’l-esterase which initiates the hemolytic effeet of complement. 
This system affords a model for studying the mechanism of action of human 
complement on human erythrocyte-human antibody complexes. 


66. EFFECTS OF A PLANT ALKALOID, VINCALEUKOBLASTINE, 
IN HUMAN BEINGS 


M. KE. Hopes, M.D. (By Ixviration), R. J. Roun, M.D., ANb 
WILLIAM Bonp, M.D., INDIANAPOLIS, [Nb. 


Extracts of Vinca rosea produce bone marrow depression in animals. 
Several alkaloids have been isolated from the plant. One, vinealeukoblastine 
(Eli Lilly and Company, Compound 29060-LE), not only causes marrow de- 
pression but has produced 50-150 per cent prolongation of life in DBA/2 mice 
grafted with leukemia P-1534 (Johnson, Wright and Svokoda). This study 
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concerns the effect of this agent in human beings suffering from a number 
of advanced neoplastic disorders. Single and repeat courses of the alkaloid have 
been administered once a day (0.1 to 1.5 mg. per kilogram) for periods ranging 
from 1 to 11 days. 

Twenty patients had received the drug when the abstract was submitted. 
All eases which can be evaluated have experienced a drop in peripheral total 
leukocyte count, with the granulocytes affected most. Hemoglobin, erythrocytes, 
and platelets are generally affected slightly or not at all. Some patients have 
exhibited a rise in reticulocyte and platelet counts concomitant with a decrease 
in abnormal white blood cells. Response has followed a total dose of 0.45 to 
2.25 mg. per kilogram. 

Toxie effects include anorexia, nausea, stomatitis, mental depression, weight 
loss, local phlebitis, epilation, and marrow depression. 

Complete hematologic remission has been achieved in acute lymphocytic 
and monocytic leukemia. In those situations where hematologic remission was 
not achieved, tumor cell infiltrates have decreased in‘size. 

The mode of action of the drug is unknown. Tissue culture studies indicate 
that the alkaloid produces metaphase arrest (Palmer, Johnson, Warren, Simp- 
son, and Livengood). Some patients had previously been treated with other 
agents, and cross-tolerance has not been seen. 

The effect of vinealeukoblastine on a bread spectrum of human tumors 
is under investigation. Dose-response relationships and clinical data will be 
presented. 


67. THE EFFECT OF ACETYL STROPHANTHIDIN ON PERIPHERAL 
VENOUS TONE IN MAN 


A. W. Horstey, M.D. (By INvitaTIon), AND JOHN W. EckstTeErn, M.D., 
lowa Crry, lowa 


Some investigators believe that digitalis causes peripheral venous con- 
striction. Others suggest that the drug induces venous dilatation. Neither 
hypothesis is supported by measurements of venous tone in normal human sub- 
jects. The experiments were done on 5 normal men. Venous pressure-volume 
curves were obtained from the left forearm by a plethysmographie method (.J. 
Clin. Invest. 37: 956, 1958). Pressure was measured in the antecubital vein of 
the dependent right arm. Arterial pressure was measured with a cuff on the 
arm proximal to the venous needle. The electrocardiogram was monitored con- 
tinuously with an oscilloscope and recorded intermittently. After control values 
were obtained, 0.75 mg. of acetyl strophanthidin diluted in saline was injected 


intravenously. An additional 0.375 mg. was given at 5 minutes and again at 
10 minutes after the initial injection. Observations were continued intermit- 
tently for 45 minutes after the final dose. 


Heart rate averaged 69 beats per minute during control periods and 58 
after the drug. Mean arterial pressure increased 9 mm. Hg. Venous pressure 
did not change appreciably. No major alterations occurred in the electrocardio- 
gram. Venous tone increased in 4 experiments and remained unchanged in 1; 
the forearm venous blood volume at a transmural venous pressure of 30 mm. Hg 
averaged 4.1 ml. per 100 ml. of tissue during control periods and fell to 3.7 ml. 
after drug administration. The change averaged 0.4 ml. (p < 0.02). 

Preliminary experiments were done on 4 subjects. In these the drug was 
given in multiple small doses over periods of 15 to 20 minutes. In 1 the total 


dose was only 1.2 mg. Venous tone increased in 1 and remained essentially un- 
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changed in the other 3 tests. When all 9 experiments were grouped together, 
the average change in venous volume at a transmural pressure of 30 mm. Hg was 
a decrease of 0.3 ml. per 100 ml } 0.02 

In these experiments intravenous administration of acetyl strophanthidin 
induced mild venous constriction. Venous dilatation was not observed. 


68. STUDIES ON THE HETEROZYGOUS CARRIER IN 
GALACTOSEMIA 


Davip Yi-Yuna Hsta, M.D., Myron TANNENBAUM, PH.D., JERRY SCHNEIDER, 
B.S., KENNETH Stimpson, M.D., M.R.C.P., ANp IRENE Huane, Pu.D., 
CHicaco, Lub. 

INTRODUCED BY WaLTER A. RamBacu, M.D. 


(jalactosemia is a hereditary disorder of carbohydrate metabolism character- 
ized by vomiting, diarrhea, jaundice, poor weight gain, and malnutrition during 
early infaney. The condition is transmitted by an autosomal recessive gene and 
results from a deficieney of the enzyme galactose-1-phosphate uridy! transferase. 

The purpose of the present communication is to report on the measurement 
of galactose-l1-phosphate uridyl transferase activity among members of 12 galae- 
tosemic families. In each instance, the enzymatie content of erythrocytes was 
assuvyed by four different approaches: (1) the uridine diphosphoglucose con- 
sumption test as deseribed by Anderson and associates (J. Lab. & Clin. Med. 50: 
$69, 1957): (2) the same test usine shorter incubation time and higher substrate 
concentrations as deseribed by Bretthauer and associates (Proce. Nat. Aead. Se. 
$5; 328, 1959); (3) a Warburg measurement of oxygen consumption using 
supplementary phosphoglucomutase and glucose-1,6-diphosphate as deseribed 
by Kirkman and Bynum (Ann. Human Geneties 23: 117, 1959); and (4) the 
same oxygen consumption test without the supplementary compounds. A de- 
crease of galactose-l-phosphate uridyl transferase aetivity was noted among the 
heterozygotes, by use of all four of these methods. The relative sensitivity and 
accuracy of each method will be discussed. We found that a small, but sig- 
nificant, amount of enzyme activity was detectable among many of the individ- 
uals classified as homozy VOLCS 

In the course of these studies, several observations were made regarding 
the maintenance of zero order kineties in the galaectose-1-phosphate uridy] trans- 
ferase system 1) In our systems, there appears to be a 10 to 15 minute lag 
hefore the initiation of observable oxygen uptake and this has to be taken into 
consideration when calculating enzyme activity. (2) In the course of measuring 


maximal observable activity, it was found that by increasing the concentration 


of UDPG tenfold, only a 50 per cent increase of enzyme activity was noted. (3 
Finally, when 5 uM of Gal-1-P and 3 uM of UDPG were used in the standard 
test, the maintenance of zero order kineties was not dependent upon the use of 
supplementary phosphoglucomutase and glucose-1,6-diphosphate as previously 
deseribed 


69. A CASE OF DIFFUSE DESMOPLASTIC ENDO- AND PERIPHLE- 
BITIS WITH UNILATERAL PULMONARY ARTERIOSCLEROSIS 
Scorr R. INKLEY, M.D., AaNp GrorGE RicHARD ABBort, M.D., CLEVELAND, OHIO 
INTRODUCED BY DieTeER KocH-WeEsER, M.D.) 

A disease process which not only has not been previously reported in the 


literature but which produced very unusual changes in the pulmonary cireula- 
tion is deseribed. The lesion was characterized by a dense diffuse fibrous con- 
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nective tissue growth following the great veins of the thorax and abdomen. This 
same desmoplastie process was also found in the posterior mediastinum, parietal 
pleura, retroperitoneal tissue, pericardium, and mesentery. 

A very interesting autopsy finding was marked pulmonary arteriosclerosis 
limite] to the lung whose venous drainage had gradually been obstrueted by 
the connective tissue growth. This case affords a most unusual chance to specu- 
late on the etiology of pulmonary arteriosclerosis in the light of the many 
studies that have been carried out in laboratory animals in an effort to produce 
pulmonary arteriosclerosis. 


70. PULMONARY VASCULAR CHANGES IN RABBITS PRODUCED 
BY INTRAVENOUS THROMBOPLASTIN 


Scorr R. INKLEyY, M.D., Srmon Kouetsky, M.D., ANp Louts GILLespre, M.D., 
CLEVELAND, OHIO 
INTRODUCED BY Ropert Il. EBert, M.D. 


This study was designed to determine the pulmonary vaseular changes of 
rabbits following intravascular clotting in the peripheral venous cireulation. 
Two series of 20 rabbits each were given intravenous injections of equal amounts 
of homologous thromboplastin at regular intervals for a 6-month period. One 
series received thromboplastin which had a high clotting activity and the other 
series of rabbits was given material which had been deactivated by the method 
of Quick. Some animals died shortly after injection of the material following an 
anaphylactic type of reaction, the remainder were sacrificed after 27 injections. 

Changes in the pulmonary vascular bed were then evaluated by the double 
blind technique and graded by the pathologist before the key was broken. 
Rabbits receiving active material showed significant intraluminal ehanges con- 
sisting of thrombus formation, re-endothelization of the thrombus, and pro- 
liferative intimal fibroplastie reaction which is later seen as plaques of intimal 
fibrosis. The findings of this study confirm the reports of others using similar 
techniques and reaffirm the possibility that intravascular clotting may be one 
step in the development of certain types ot arterioselerosis. 


71. THE EFFECT OF SMALL DOSES OF CORTISONE UPON URINARY 
TI 


17-KETOSTEROID FRACTIONS IN WOMEN WITIL HIRSU1 SM 


AND OVARIAN DYSFUNCTION 


WILLIAM McK. JEFFERIES, M.., AND RicHarp P. Levy, M.D. (By Ixviratrion 
(‘LEVELAND, OHIO 


We have reported previously that women with hirsutism, often of mild 
degree, and ovarian dysfunction, manifested by irregular menses or amenorrhea, 
frequently respond favorably to the continual oral administration of small doses 
of cortisone or hydrocortisone. Abnormal patterns of urinary 17-ketosteroid 

17-KS) fractions have been reported in such patients by several laboratories. 
Utilizing a technique for fractionating urinary 17-KS consisting of extraction 
of the conjugates, gentle hydroly sis of the glucuronidates with B-glucuronidase 
and of the sulfates with ethyl acetate, and gradient elution from an alumina 
column, four fractions with mobilities corresponding to dehydroepiandrosterone 
DHA), androsterone (A), etiocholanolone (E), and 11-oxvgenated-17-keto 
steroids (1l-oxv-17-KS) were separated in a reproducible fashion. The frae 
tions of 3 normal, nonhirsute, regularly ovulating women with proved fertility 
showed the following ranges of values per 24 hours: DHA, 0.6 to 1.5 me.; 


A, 0.5 to 1.8 mg.; E, 2.5 to 4.6 me.; and 11-oxyv-17-KS, 0.6 to 1.1 me 
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17-KS as determined by a standard method employing hydrolysis with hot acid 
(a-KS) were between 9.1 and 10.6 mg. per 24 hours. Of 4 patients with 
hirsutism and ovarian dysfunction, whose a-KS were between 13.8 and 21.6 
mg., all had a higher A fraction (range 2.5 to 6.1 mg.), 2 had higher DHA 
values (range 0.3 to 4.5 mg.), and one had a higher E excretion (range 4.2 to 
6.2 mg.). In all 4 patients, the administration of cortisone or hydrocortisone 
in doses of 5 mg. every 8 hours resulted within 2 months in a decrease in 
exeretion of these fractions to levels exhibited by the normal subjects. In 3 of 
the 4 cases the steroid was administered in double-blind placebo studies. In no 
instance was administration of the placebo accompanied by reduction to the 
levels excreted by the normal subjects. 

The results indicate that even small doses of cortisone or hydrocortisone 
can restore an abnormal 17-ketosteroid exeretion pattern to normal. The 
amounts required are less than those believed to be seereted by normal subjects. 


72. EXPERIMENTAL BASIS FOR CLINICAL EVALUATION OF ANTI- 
TUMOR PRINCIPLES DERIVED FROM VINCA ROSEA LINN 


I. S. Jounson, Pu.D., H. F. Wricgut, M.A., aNp G. H. Svospopa, Px.D., 
INDIANAPOLIS, IND. 


(INTRODUCED BY K. G. KoHLSTAEDT, M.D.) 


The plant, Vinea rosea Linn, has enjoyed a popular reputation in in- 
digenous medicine in various parts of the world. As early as 1910 it was de- 
scribed as having wound healing properties; in Europe related species have been 
used for the proprietary suppression of the flow of milk; in the British West 
Indies it has been used to treat diabetie uleers; and in the Philippines it has 
heen reported as being an effective oral hypoglyecemie agent. This latter re- 
ported use prompted a phytochemical investigation of this drug in our labora- 
tories. While the sample at hand gave little activity in this area, certain ex- 
tracts submitted for routine cancer sereening in December, 1957, were dis- 
covered to give interesting and in some cases profound antileukemie activity 
against the P-1534 lvmphoeytie leukemia in DBA/2 mice. Since other clinically 
useful antitumor agents have been developed in these laboratories (Johnson 
and Wright) using activity against this tumor as a guide, an extensive investi- 
gation was undertaken to determine the active ingredient(s). 

Early in the course of this investigation it beeame evident that the major 
antileukemie activities were restricted to various alkaloidal entities and were 
primarily located among the weak bases. During the course of this work an- 
ther group (Noble, Beer, and Cutts) reported the procurement of an alkaloid 
from Vinca rosea which they named vinealeuecoblastine and which was charac- 
terized biologically by causing a profound depression of normal rat bone mar- 
row. Subsequently, marked inhibition of the P-1534 leukemia was demonstrated 
with this compound in both Noble’s and our laboratories. The results of studies 
with various extracts and alkaloids (including vinealeucoblastine) in a series 
of experimental neoplasms and tissue culture systems will be presented. This 
work has provided a basis for the clinical evaluation of a new elass of antitumor 
compounds (Hodes, Rohn, and Bond). 
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73. SELECTIVE CINECARDIOANGIOGRAPHY IN THE EVALUATION 
OF MITRAL AND AORTIC VALVULAR DISEASE 


Water E. Jupson, M.D., AND EUGENE KLattTE, M.D. (By INvitaTtion ), 
INDIANAPOLIS, INb. 


Differentiation and quantitation of predominant stenosis or regurgitation 
in mitral and aortic valvular disease by hemodynamie alterations and indicator 
dilution curves have not been invariably successful. Selective cinecardioangi- 
ography appeared to be a technique which would provide visual evidence of the 
dynamie function and competency of the atrioventricular and aortic valves. <A 
No. 8 Lehman catheter with an inner wire stylus and flexible spring extending 
approximately 3 em. beyond its tip was introduced into the femoral artery by 
percutaneous needle puncture and guided fluoroscopically into the aortic 
valvular area, where by careful manipulation it was usually possible to enter 
the left ventricle. Selective injections of contrast media were made in the left 
ventricle and ascending thoracic aorta with the course of the radiopaque mate- 
rial recorded by high-speed motion picture photography. After injection into 
the left ventricle, mitral regurgitation was demonstrated by the reflux of 
streaming contrast media through the incompetent mitral valve into the left 
atrium. Similarly visual proof of incompetency of the aortic valve was con- 
firmed by regurgitation of the radiopaque media into the left ventricle follow- 
ing its rapid injection into the ascending aorta immediately distal to the aortie 
valve. The reflux of the radiopaque material through normal competent mitral 
and aortie valves or dominant stenosis was not observed. 

The application of this technique in conjunction with catheterization of the 
right and left sides of the heart has proved especially valuable in the further 
differentiation of predominant mitral and aortic stenosis from incompetence, in 


the demonstration of gross mitral regurgitation in the absence of a loud systolic 
murmur, and in the separation of “re-stenosis’” from progressive mitral in- 
competence following commissurotomy. 


74. AN ALTERATION OF INTERMEDIARY CELLULAR METABOLISM 
RELATED TO PYRUVATE AND ORGANIC PHOSPHATE IN THE 
EXPERIMENTAL NEPHROTIC SYNDROME 


ELIZABETH KAISER, Pu.D. (By INviration), Marco Piccarpo, M.D. (By 
INVITATION), AND JACK Metcorr, M.S., M.D., Cuicaco, Iu. 


Except for gross changes in protein and lipid metabolism, specific altera- 
tions of intermediary metabolism have not been described in the nephrotie syn- 
drome induced in rats by injection of 6-dimethylaminopurine riboside, an 
aminonucleoside structurally related to adenosine. The experimental disease 
closely simulates the clinical, pathological, and biochemical features of the 
syndrome observed in human beings. Previous studies on weanling nephrotic 
rats indicated excessive intracellular H.O and Na, but reduced cellular nitrogen 
and K, and suggested an unusual aberration in K metabolism. Since cellular 
concentrations of K and Na may influence the dephosphorylation of phos- 
phoenolpyruvate to pyruvate with its associated energy vield (as ATP) and 
subsequent pathways of pyruvate utilizatian (via alanine and amino acid syn- 
thesis or acetvy!| Co A and lipid synthesis), systematic exploration of cellular 
electrolytes and organic intermediates relating to pyruvate have been initiated. 

The present study compares the pyruvate uptakes of isolated diaphragms, 
the organie and apparent inorganic phosphate contents of muscle, and the eon- 
centrations of free amino acids in kidney and liver homogenates of & weanling, 
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male Rockland Farm strain nephrotic rats with those of pair-fed controls. The 
data reveal a statistically significant increase of in vitro pyruvate uptake by the 
isolated diaphragms (7.1 versus 5.3 »M per minute per gram noncollagenous 
nitrogen); but a marked reduction in muscle organie phosphate (6.5 versus 15.5 
mM per 100 (im. dry fat-free solids) kidney alanine (162 versus 539 uM per 
100 Gm. DFFS) and liver threonine contents (175 versus 570 1M per 100 Gm. 
DEES) of the nephrotie rats versus their pair-fed controls. 

The data indicate a defect of intermediary metabolism involving cellular 
phosphate and pyruvate transformations in the experimental (aminonucleoside ) 
nephrotic syndrome of rats. 


75. PHYSIOLOGIC: DIFFERENCES BETWEEN STEROID AND 
BACTERIAL PYROGENS 


ATTALLAH Kappas, M.D., Paut GuickmMan, M.D. (By Inviration), Rospert H. 
PaLMER, M.D. (By INviratrion), AND Beta RatKovits (By INvITATION), 
CHicaco, ILL. 


A number of steroid metabolites of the pregnane (58-I1) type, derived 
from endogenous adrenocortical and gonadal hormones, have been shown to 
consistently provoke fever following their intramuseular and intravenous ad- 
ministration to man. The biologie properties of these thermogenie compounds 
have been examined and significant differences have been noted between their 
actions and those of bacterial pyrogens. These differences include the follow- 
ing: Steroid pyrogens fail to provoke fever in a number of laboratory 
animals, including primates, indicating a high degree of species specificity of 
their thermogenic activity. There is a consistent lag period of several hours 
between the administration of steroid pyrogens and the initiation of fever in 
man, and this lag period is observed following the intravenous as well as the 
intramuscular administration of these agents. Rapid intravenous injection of 
steroid pyrogens does not provoke fever while prolonged infusion of these 
compounds is thermogenic. These steroids produce leukocytosis without initial 
leukopenia in man. Repeated administration of these steroids does not resuit 
in the development of tolerance to their fever-produeing activity. The release 
of a secondary pyrogen into the blood stream in man, comparable to the endog- 
enous thermogenie substance appearing in the blood stream of animals follow- 
ing bacterial pyrogen administration, eannot be demonstrated in plasma with- 
drawn during the development and peak of steroid pyrogen fever. 

The fever produced by the administration of bacterial pyrogens to animals 
has served as the experimental model for elucidating the mechanism of fever in 
man. The present studies with steroid pyrogens in human beings indieate 
significant differences between the biologie action of these substances and bae- 
terial pyrogens, and these physiologie differences may imply: different mecha- 
nisms of fever production. The endogenous origin of these pyrogenic steroids, 
their apparent species specificity, their availability as pure compounds through 
chemical synthesis, and the physiologic properties noted above afford unique 


advantages for their use in studving the pathogenesis of fever directly in man 
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ASMA CLEARANCE OF INDUCED HYPERLIPEMIA: THE 
ICT OF REPEATED DAILY INTRAVENOUS ADMINSTRA- 
TION OF A FAT EMULSION 


RED KERN, JR., M.D., HArRBANS SINGH, M.D., AND 
CHLBERT S. McDonoucu, M.D., DENVER, CoLo. 


(INTRODUCED BY GORDON MEIKLEJOHN, M.D.) 


Many of the factors which determine how much fat can be safely admin 
istered are poorly understood. The rate at which fat leaves the plasma after 
intravenous injection may be an indication of the ability of the organism to 
metabolize and/or store fat. The slowing of clearance raie as fat is repeatedly 
administered would suggest that the limit of tolerance is being reached. Aceord- 
ingly a study was undertaken to observe the effeet of daily administration of a 
nontoxie fat emulsion (Lipomul-IV, Upjohn, 15 per cent cottonseed oil) upon 
plasma clearance rate of fat. 

The plasma clearance of fat was measured every 3 to 4 days during a two 
week period in which 500 to 600 ml. of the fat emulsion was administered dail) 
to 5 chronically ill patients. Seventy-five milliliters of the emulsion (11.25 Gm. 
of fat) was injected intravenously during a 10-minute period and serum 
turbidity and serum triglyceride levels were determined in plasma samples 
collected at the end of the injection and every 10 minutes for an hour. The 
clearance rates were calculated from these data. 

In 4+ of the 5 patients there was a two- to fourfold reduction of clearance 
rate after & to 10 daily infusions of 500 to 600 ml. of the fat emulsion. In 1 
patient the clearance rate slowed after only 5 infusions. In 2 of the patients 
there was also an increase in serum turbidity and in serum triglyceride in the 
fasting state 18-20 hours after the Lipomul infusion had been completed. 

These observations indicate that the mechanisms for removal of neutral 
fat from the plasma become less efficient as a large amount of fat is adminis- 
tered. This decrease in ability to clear hyperlipemia may be related to some of 
the toxic manifestations that have been reported after prolonged daily use of 
intravenous fat emulsions. 


77. THE EFFECTS OF VARIOUS ENDOGENOUS PYROGENS ON 
CIRCULATING GRANULOCYTES 


M. KENTON KING, M.D., Sv. Louis, Mo. 
INTRODUCED BY CARL G. HLARFOoRD, M.D. 


Endogenous pyrogens differ in many respects from bacterial pyrogens; 
they have been deseribed in sterile leukoeytic exudates and more recently in 
the serum of rabbits and dogs injected with bacterial pyrogens. While bacterial 
pyrogens are known to produce a marked leukopenia lasting at least an hour 
following intravenous injection, a similar phenomenon has not been demon 
strated with endogenous pyrogens. The following experiments describe a much 
briefer and more prompt granuloeytopenia following the injection of various 
endogenous pyrogens. 

Serum containing endogenous pyrogen was collected from donor rabbits 
two hours after the injection of 1 ml. of undiluted typhoid vaccine. A 20 ml 
aliquot of serum thus obtained was then injected intravenously into normal 
rabbits; the recipient's temperature and leukoevte count were followed closely 
Equal amounts of normal serum were used for injection into animals serving 


as controls. 
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Within 5 minutes after the injection of serum containing endogenous 
pyrogen the total leukocyte count uniformly fell to approximately 40 per cent 
of the preinjection level. Differential counts revealed an almost complete 
absence of polymorphonuclear leukoeytes during the period of maximal leuko- 
penia. The leukoeyte count rose to normal within 30 minutes and then to 
about twice the preinjection level after two hours. Normal serum, however, 
produced only a small drop in the leukocyte count followed by an insignificant 
rise. In a second series of experiments heparinized plasma was used instead 
of serum; the results were identical. 

Extracts of polymorphonuclear leukocytes were tested and they also pro- 
duced an immediate and marked leukopenia followed by a leukocytosis. How- 
ever, supernatant fluid from sterile peritoneal exudates produced a similar 
leukocytosis without an initial leukopenia. Throughout this study fevers of 
similar magnitude were produced in each group of rabbits. For comparison 
haeterial pyrogen was given in doses small enough to produce equal fevers, but 
the leukopenia typically encountered with large amounts of endotoxin did not 
oceur. 

These findings suggest the possibility that the leukopenia that classically 
follows the injection of bacterial pyrogens is caused by the newly formed 
endogenous pyrogen rather than by the bacterial pyrogen itself. 
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The steroid hormonal metabolism of the fetus seems to be different from 
both that of the pregnant woman and that of the adult. The principal 17- 
ketosteroid of meconium appears to be dehydroepiandrosterone (DHA) which 
has been isolated and identified. This metabolite, which is derived from an un- 
known precursor, may be absent from normal adult urine and from pregnancy 
urine, but is excreted in large amounts by patients with hyperadrenalcorticism. 
DITA was not found in pools of urine of the newborn infant (each of the first 
four days of life) but epiandrosterone, which is invariably found in adult urine, 
was found. Conversely, epiandrosterone has not been detected in meconium. 
Since DIA is excreted in urine and meconium as a sulfate, a phylogenetically 
earlier conjugate than glucuronide, it seems reasonable to relate this compound 
and its precursor more to the metabolie activity of the fetus than of the adult. 
While these observations indieate that steroid hormonal metabolism of the 
pregnant woman, the placenta, and the fetus may not be viewed as simply com- 
mingled, the extent to which the observed differences may be ascribed to differ- 
enees in production rather than to differences in metabolie transformation is 
not clear. Perhaps either DILA, or its precursor, or the related intermediary 
metabolism is characteristic of the fetal period of life. Exeretion of DHA by 
the adult, in whose urine this compound is a relatively small fraction of the 
total 17-ketosteroids, would be viewed as persistence of a fetal trait. The loss 
of differentiation characteristic of tumors would be consistent with excretion 
of increased amounts of DHA by patients with adrenal tumors. The precursor 
of DHA may be a major hormone of the fetal, in contrast to the adult, adrenal. 
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Even the best-organized clinical laboratory by day must frequently resort 
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AN AMES CLINIQUICK’ 


TECHNICAL BRIEFS FOR THE CLINICAL LABORATORY 


What will increase the reliability and clinical value of 
laboratory results? 

Standardization of laboratory procedures to eliminate duplicative methods and 
modifications. Accepted procedures used in routine clinical work should be held 


to a minimum, and the method used reported with the results 
Source: Guillot, M. H.: Clin. Chem. 3 (Suppl.):420, 1957 
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Interpretation, ed. 2, Philadelphia, W. B. Saunders 
Company, 1956, p. 445 





